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are responsible for greenhouse gas emissions which may influence global climate regimes and
severalattemptstoestimatetheircontributionhavebeenmade.Besidesgasesmudvolcanoesare
also important interfaces for the transfer of water and other dissolved elements including
hydrocarbons and oil. Due to violent release of large amounts of mud and mud breccia the
submarine mud volcanoes pose a geohazard for drilling and platform constructions. For
chemosynthetic animals the dynamic of mud extrusion is sometimes too high, so that faunal




aremostly known fromcollision zonesonearth likealong the southern rimof theEurasianplate.








other countries collected over the last 10 years numerousmultibeamechosounder data from the
inner and outer Calabrian arc. By combining multibeam bathymetry and backscatter imagery,






by recent mud flows and emissions of fluids and gases, which we can image by hydroacoustic
recordingofthewatercolumns.Ofparticularinterestwasthepresenceofmethanehydrates,which
formwithinsedimentsofthemudvolcanoesundercertainconditionsofpressureandtemperature,


















themud flows revealed from the pelagic sediments overlying themud flow breccia. Furthermore
deploymentsofthedynamicautoclavepistoncorer(DAPC;Fig.3)wereplannedtoquantifythegas





 Are there relative fresh mud flows which can be identified and how are the shallow gas
hydratesassociatedtothoserecentflows?
 Arethehydratesinolderoryoungersediments?
















being subductedbeneath Europe, alongwhich accretionary complexes extendover1500 km from
Calabria to Cyprus (Fig. 4). The Calabrian accretionary prism lies at the SE tip of the arcuate
ApennineMaghrebidesubductionsystem,aproductofrapidrollbackofaNWdippingoceanicslab









the Tyrrhenian Sea duringmigration of the accretionary systemup to 380 km towards the Ionian
domain(Faccennaetal.2001,2004;Sartori2003).Consumptionof theslab,and its fragmentation





















that intersects that of theMediterranean Ridge (Fig. 5; ChamotRooke et al. 2005). The onshore
CalabroPeloritano ‘Arc’  socalled due to its shape  is a thrust stack of metamorphic and
sedimentaryunits,onlappedonbothitsTyrrhenianandIoniansidesbyforearcsedimentarybasins
(Barone et al. 2008). In the Ionian Sea, Rossi and Sartori (1981) showed the seawardthinning



















Seismic reflectionprofiles across thepreMessinianwedgeand forearcbasins show thatmany
seabed thrust structures record postMessinian tectonic movements, expressed as offsets of the
reflector marking the base of the PlioQuaternary succession, the largest example being the
Calabrian Escarpment (Minelli and Faccenna 2010; Polonia et al. 2011).With reference to critical
wedgetheory,thesemovementsarearguedtorecordaresponsetotherapidfrontalincorporation
ofMessinian evaporites, resulting in a reduction in taper that was corrected by outofsequence
thrusting (OOSTs) and sedimentary underplating throughout the PlioQuaternary advance of the
prism (Minelli and Faccenna 2010). Within the forearc basins, seabed thrusts and normal faults
couldalsoreflectongoinggravitydrivenslidingabovethinevaporites(MinelliandFaccenna2010;
Minelli et al. 2013). It has subsequently been suggested that the Calabrian Escarpment and other
large OOSTs to seaward could have acted as pathways for postMessinian fluid flow and mud
volcanism,althoughnostructurallycontrolledpathwayswereidentified(Poloniaetal.2011;Panieri
et al. 2013). Fluid migration within the prism has also been invoked in reference to seismically






were first identified in the eastern Ionian Sea from cores ofmudbreccia froma structure on the
westernMediterraneanRidge(Citaetal.1978).TheMediterraneanRidgeanditseasternextensions
have sincebecomeoneof themost intensively studiedMVpopulationsonEarth, through seabed
studies that have identified hundreds of mud volcanoes (Kopf 2002; Mascle et al. 2014), and
scientificdrillingof twoexamplesthathasprovidedevidenceofextrusiveactivityoverat least the
last1.2Ma(Robertsonetal.1996).Incontrast,untilrecentlylittlewasknownaboutmudvolcanism
on the Calabrian accretionary prism. In 1981, two cores containing ‘pebbly mudstones’ were
recoveredfromaseismicallyunstratifiedbodyontheinnerprism(subsequentlyidentifiedasSartori
MV,Fig.6),butmuddiapirismasproposedbyCitaetal. (1981)wasrejected in favourof tectonic
chaoticisation along thrusts (Rossi and Sartori 1981; Morlotti et al. 1982). The presence of mud
volcanoesontheCalabrianaccretionaryprismwastentativelysuggestedfromafewhighbackscatter
patches observed on partial GLORIA sidescan coverage (Fusi and Kenyon 1996). However, mud
volcanoeswerenotprovenuntil2005,duringacampaignoftheR/VOGSExplorathatacquiredthe
first regionalmultibeamcoverageof ItalianwatersSEofCalabria,alongwithcoresofmudbreccia
from twodistinctivemorphological features (Ceramicola et al. 2006), referred to as theMadonna
delloIonioMVsintheSpartiventoforearcbasin,andPythagorasMVonthepreMessinianwedgeto
seaward(Fig.6;Praegetal.2009).Targetedseismicinvestigationsofthesetwositesshowedbothto
be the tops of buried extrusive edifices that interfinger with PlioQuaternary sediments above a









































Central in theportofCatania,heading for researchworkon theCalabrianArc.Before sailing,R/V
METEORhadspenttimeatdock inCataniawhilethescientistsandresearchtoolsofcruisesM111
and M112 were exchanged. New research tools on board for M112 are the deepsea remotely












ourhullmountedhydroacoustic systems, following theacquisitiononThursday,6Novemberofa
firstunderwatersoundprofileinwaterdepthsofupto1,500musingtheSVPSonde.

Until Saturday night (8 November), under improving weather conditions, further potential
locationsweresurveyedusingthehullmountedPARASOUNDandMultibeamsystems,includingthe




board the luggage of our French colleague, which had been lost during her flight to Catania. On




November we deployed ROV QUEST 4000 for the first time during the cruise on Monday 10
November, inthedarknessofnightuntilsunriseat06:00a.m.WhentheROVreachedtheseafloor
we saw numerous, dark stained patches of different sizes, their centersmostly covered bywhite
bacterialmats,characteristicofcoldseeps.Therecognitionofdirectindicatorsoffluidseepageright
at the beginning of the dive was only possible due to our preliminary investigations based on
thoroughanalysesofhydroacousticdata.Mostscientistsofthiscruisewatchedthediveonthelarge















For the first time,more scientists could be actively involved in the dive, leading to a dynamic
exchangebetweenlabandcontainer.Whengasbubbleemissionsfromtheseafloorwereobserved,
at several locations, there was great enthusiasm. Based on the broad signal of the ship’s echo
sounderwe had already concluded that there should bemore than one location of gas emission.
Unfortunatelywecouldnottakesamplesofthegas,oforganismsorofotherseafloormanifestations





second half we traversed upslope towards the western peak of Venere MV. This peak is
characterizedbyhighvaluesinthebackscatterintensityinourmapswhichmadeussuspectanear
surface exposure of clastrich mud breccia. The entire seafloor upslope was observed to be
characterized by finegrained pelagic sediments highly bioturbated by benthic organisms such as
crabs,seaurchinsandshrimp.Clastrichmudbrecciawasnotdirectlyexposedontheseafloor,but
theoccurrenceofmudbrecciaonlyafewcentimetersbelowthesurfacewasprovenbysediments






AUV map showed an area of about 100 x 100 m with high seafloor backscatter intensities,
characteristicof fluidand/orgasemissions.Byobservationsalong fourprofilesacross theareawe
couldprovethatbackscatter intensitycorrelatedto theappearanceatseabedofcarbonatecrusts.
The seep carbonates were further associated with bacterial mats and chemosynthetic organisms











Federal ForeignOffice (AA), theGermanEmbassy inAnkara, theControl StationGermanResearch






Following lastweek’sdecisionto refocus theexpeditionM112ontheCalabrianArc in Italy,we
developedseveralnewideasforplanningthescientificprogramforthenextdays.Firstprioritywas
given to deployment of the AUV, as the autonomous underwater vehicle and its crewwere only
available until our stopover in Catania on 2021 November. Several AUV dives were therefore
planned, andprofessionally and perfectly undertakenby theAUV team, but someproblemswere
experiencedwiththerecordingofdatabythenewmultibeamsystemonthevehicle.Althoughwe
triedseveraltimestoget intouchwiththeproducerofthesystemviatheirhotlineandemail,the
problems could not be solved satisfactorily. A severe intervention into the electronic part of the
pressurechamberandachangeofharddisksfinallybroughtaworkaround,sothat–afterashort
processing – on 17 November we could admire a fantastically detailedmicrobathymetrymap of
VenereMV. A striking difference between the two summits of themud volcanowas immediately




south, the eastern summit does not show any recentmud flows, but includes fractures along its
northeastern flank, which cut both structures. Themap backscatter intensity from our AUV dives




becomes clear that there has been recent activity at thewestern peak. OnMonday, 17 Nov and
Tuesday,18NovwesampledthewatercolumnwiththeCTD/rosette,withinterestinsamplesnear
















satisfaction.TheROVsuccessfullyacquiredseveral short sedimentcores fromvarioushabitatsand
porewater environments, as well as samples of gas bubbles, and sediment temperature






The340thdiveof theROVQUESTwasperformedonTuesday18November,at the footof the





Wednesday19Nov,afteracquiring twogravity coresandawater columnprofilemeasurementat







8). In addition to looking for newmud volcanoes,we simultaneously prospected for gas emission
sitesontheseafloor.TheSpartivientoandCrotoneforearcbasin,aswellaspartofthe innerpre
















whichwere chronologicallynamedFlare1 to5according to theirdiscoverydate (Fig.9). TheROV
QUESTdive (DiveROV341)onWednesdaymorning,26November,startedwithasurprise.Atthe
seafloor in 1,570mwater depth,we could not see any gas bubbles at the emission location that
always showed strongest gas emission at the PARASOUND records. Such a change in gas bubble
activityafteronlyafewdaysrevealedthehighvariabilityof theactivegasemissions,both intime








water columnwith rosette/CTD.Combiningbothdata setswill allowus tobetter characterize the
seepage area and the methane transport in the water column. In addition we obtained several






Duringthenightto27November,westeamedforCatania inordertoobtaina lateparcel from
theUSAandsomeluggagelostduringtheflightfromGermany.Theparcelcontainedsparepartsfor
theROVQUEST, and the luggage containeda numberof cables and spareparts forourROV. The
handingoverwentwellandagaingaveusanopportunitytogazeatthesurmountingvolcanoMount
Etna. Back in thenorthernwork areaoff Calabriawe successfully conductedROVDive 342 at the
westernsummitofVenereMVon28November.Thisinvestigationvisualizedforthefirsttimefresh






at six different locations within the mud volcano area (Fig. 10). Selection of the stations was
supportedbytheAUVbackscattermap.OnSunday,30November,wehadanearlyCTDstationfor
studying the methane plume in the water column. Afterwards we conducted the extremely
fascinatingROVdive343atFlares4and5,atthesouthernedgeofthemudvolcanostructure.

R/VMETEOR’s fifthweek of the 112nd expeditionwas dominated by dives using theMARUM
remotely operated vehicle QUEST 4000 m. We conducted dives almost daily, during which the
scientific payload that included push cores, a temperature probe, gas bubble samplers, bubble
catcher,netsandashovelwasroutinelyutilizedontheseafloor,representingthemainprogramof
this cruise.OnMonday,Wednesday, andThursdayweperformeddives atVenereMV,whichwas












have been flowing lately. This was confirmed by the temperature lance measurements, which
recorded22°C in50cmdepthattheemission location,correspondingtoan increaseof8°Cfrom
bottom water temperature. This very high heat flow is caused by the ascent of mud within the
conduit of the mud volcano from greater depth, and certainly made the ROVbased sampling of
sediments and bottomwater direct from the chimney very exciting. After that dive, and during a
further processing of the sediments, we found that the pore water of the mud has a drastically
reduced salinity, which reach values of 10 ‰. Such fluids are quite rare in the Mediterranean
becauseof theomnipresentMessinian salts. Furthermore the gas compositionof themud clearly
showed a thermogenic source. This finding was surprising to us because the gas composition of
Flares 15 in the surrounding regions of the mud volcano revealed of a mixture of biogenic and
thermogenicsources.Wecouldsuccessfullysampleandquantifythegasinthesedimentsbymeans
ofourautoclavepistoncorer,becausethisdeviceencasesthesedimentwithitsporewaterandgas
content in an autoclave under in situpressure, and therefore the sample comes to the surface
without any loss of gas. The quantification under atmospheric pressure documented amore than
threefold volume of gas to sediment, and explained why the mud deposits in the cores have a
bubblelikeappearancethroughout.Thisphenomenonremindingusof„MousseauChocolat“iswell
known to sedimentologistsdescribing itsappearanceas “moussy texture”.This isanunmistakable
indicatorforstrongdegasingofthesediments.

In contrast to VenereMud Volcano Cetus and Nikolaus MVs show only little evidence of any
recent activity. In the central caldera of Cetus MV, we measured a slight increased heat flow,
however, a bottomwater sample collectednear the seafloor in the volcanic coneofNikolausMV
















used theweek and theweekend before formore dives than originally planned.Wind andwaves,
however,wereabitmilderandwecouldperformalastdiveonthiscruisewithROVQUEST4000m–
itwasdivenumber350sincetheROVwasinstalledin2003.ROVQUESTdivedatgasemissionsite
Flare 2whichwas already visited during the first leg of the cruise. Dive 350wasmainly used for
exploration and mapping and left behind a bit the geological and geochemical sampling. During






now in the surveyed part of the Calabrian accretionary wedge. During the dive we intensively
sampledseeps,characterizedbychemosyntheticorganismsliketubewormsandclams,aswellasby




sampling locationwas labeledon the seafloorbyavery specialmarker.Normallyourmarkersare
composedofliftingbodiesshowinganumberandboundwithaweightasanchor,thistimeforthe
350thdivetheROVcrewconstructedaspecialmarkerwhoseappearancewasagreatsurpriseforall




Venere andCetusMVsand sediment coreshadbeen taken fromdifferentmud flows.CetusMud
Volcanoshowedafurtherhighlightaswecouldpreciselydeterminethechimneyofthemudvolcano












the deeper part of the Calabrian accretionary wedge was performed. We continued with this














10were conducted during Leg 1 and surveys 11 to 36 during the second leg (Table 3). Themain
purposesofmostof the surveysweremapping forbathymetry and searching for gas flares in the
watercolumn,oftenboth in combination.Therefore,bothhydroacoustic systemsavailableonR/V
METEORa) themultibeamKONGSBERGEM122 andb) theparametric subbottomprofilerATLAS
PARASOUNDP70wereoperatingalmostcontinuously.Theshallowwatermultibeamsystemwasnot
operating as the water depth was generally deeper than the system is capable to (>1000 m).
Bathymetric surveyswereusuallyconductedwithavessel speedofmaximum10kn,dependingon
theweatherconditions.Forthesearchofflaresareducedspeedof56knisneededinordernotto




































































and inserted into theacquisition software (SIS fromKONGSBERG),andonly inoneoccasion itwas
necessary to reapply amodified SVP to correct the raytraycingof themultibeamdata.Amplitude














































The program ATLAS PARASTORE is used for storing and displaying echograms whereas the


























Profile 1 Profile 2 
  






At thebeginningof thesecond legofM112amore than100nm longprofilehasbeenconducted


















Oneof themajor aims of the cruisewas to explore gas bubble emission site (“flare sites”) in the
study area. Flare imaging surveys in this area were planned to access the temporal and spatial
variabilityoftheemissions.DuringM112gasemissionsweremappedbyimagingthewatercolumn





  Part 1   Part 2 
  Part 3   Part 4 



















flare distributions and maps for survey planning. The bathymetry and water column data was
recordedinseparatefiles(.allfilesforthebathymetry,.wcdfilesforthewatercolumndata)toavoid
overly large files.Postprocessingof thewatercolumndatawasdone inFledermausMidwater (©














Despite intensivemappingof over 50possiblemudvolcano structureswith low speed (46 kn)
andalsopassingseveralknowntectonic structures, flareswereexclusivelydetectedat theVenere
MudVolcano.Itshouldbenoted,however,thatthoseflaresappearedratherweakinintensityand,
althoughalreadyknown,stilldifficulttodetermine.TheexampleshowninFig.19isoneofthebest












Althoughhydroacousticevidence for gasbubbleemissions (flares)weremappedover largerareas
usingtheEM122,the19kHzsignal (PHF)oftheATLASPARASOUNDwasactuallythemorereliable
information for flare activity andwas recorded in addition during the entire surveys in the study
area. The footprint is with ~7% of the water column is larger compared to the EM122, however






MV (Fig. 21). Following this finding, we scrutinized if the relative intensity between the flares is
differentandiftheiractivitychangesovertime.Therefore,wepreparedashortsurveycrossingall5
flare locationswith lowspeed(34kn) inabout1.5hoursandrepeatedthissurveyfrequently(Fig.



















Flare Survey15 Survey17 Survey19 Survey22 Survey30 Survey32 Survey33
 28/11/14 29/11/14 30/11/14 02/12/14 08/12/14 10/12/14 10/12/14
1 on on off off off off off
2 on on on on on on on
3 on on on on on on on
4 on on on on on on* on







09.11.2014 18:40 (medium) 
10.11.2014 01:40 strong 
10.11.2014 18:00 strong 
11.11.2014 00:00 strong 
12.11.2014 16:00 strong 
13.11.2014 05:50 (medium) 
13.11.2014 22:26 strong 
14.11.2014 04:30 strong 
14.11.2014 04:56 strong 
14.11.2014 21:05 strong 
18.11.2014 10:05 strong 
26.11.2014 05:18 off 
26.11.2014 19:38 veryweak 
28.11.2014 21:48 weak Survey15
29.11.2014 17:46 veryweak Survey17
30.11.2014 20:20 veryweak Survey19
02.12.2014 06:50 (off) 
02.12.2014 19:28 off Survey22
07.12.2014 07:28 veryweak 
08.12.2014 19:23 off Survey30
10.12.2014 06:21 off Survey32
10.12.2014 22:28 off Survey33

Flare3
12.11.2014 22:42 weak 
14.11.2014 21:13 weak 
26.11.2014 05:50 strong 
26.11.2014 17:07 weak 
26.11.2014 17:25 weak 
26.11.2014 18:00 weak 
28.11.2014 17:06 strong 
28.11.2014 17:27 medium 
28.11.2014 17:54 weak 
29.11.2014 17:15 medium Survey17
30.11.2014 19:43 strong Survey19
02.12.2014 18:51 medium Survey22
03.12.2014 10:30 weak 
03.12.2014 13:40 weak 
07.12.2014 09:30 (off) 
08.12.2014 05:40 off 
08.12.2014 18:56 veryweak Survey30
09.12.2014 04:40 (veryweak) 
10.12.2014 05:58 weak Survey32
10.12.2014 22:50 veryweak Survey33
Flare4
28.11.2014 22:30 strong Survey15
29.11.2014 18:28 strong Survey17
30.11.2014 04:44 strong 
30.11.2014 21:03 medium Survey19
02.12.2014 20:13 medium 
03.12.2014 20:52 strong 
03.12.2014 21:10 strong 
04.12.2014 10:35 strong 
08.12.2014 19:55 weak 
10.12.2014 21:57 strong Survey33
Flare5
28.11.2014 22:29 strong Survey15
29.11.2014 18:27 medium Survey17
30.11.2014 04:43 medium 
30.11.2014 21:02 weak Survey19
01.12.2014 04:44 medium 
02.12.2014 20:12 weak 
03.12.2014 21:11 weak 
04.12.2014 10:36 weak 
08.12.2014 19:54 veryweak 
10.12.2014 21:58 strong Survey33
Flare2
14.11.2014 04:18 medium 
17.11.2014 01:40 medium 
17.11.2014 03:55 (medium) 
26.11.2014 05:05 medium 
28.11.2014 22:14 strong Survey15
29.11.2014 18:13 medium Survey17
30.11.2014 04:28 weak 
30.11.2014 20:47 weak Survey19
02.12.2014 19:55 strong Survey22
07.12.2014 04:43 strong 
08.12.2014 19:42 weak Survey30
10.12.2014 06:38 veryweak Survey32







flare surveys, these observations are not comparable due to different vessel speeds and because
flareswerepassed in various directions or possible not exactly central.However, this information
helpstodefinethegeneralactivitypatternsofeachflare.Flare1showedhigheractivityduringM112
Leg 1 and veryweak activity in Leg 2. Flare 3was barely very intense and in the lastweek even






















in theAUVbackscattermap (Fig. 14),whichwasproven tobeapronounced seepareawith thick




structure and no indication for a position at the flank of the mud volcano. However, the high
resolutionbathymetrymapshows ring structuresaround themainpeaksof themudvolcano (Fig.






   
Fig. 23:Flare imagingof theAUVmultibeamdata (Dive62) in the FledermausMidwater interface (©QPS).





No. Latitude(corrected) Longitude(corrected) Longitude(original) Latitude(original)
1a 38.61826592550 17.19373375290 38.61890838000 17.19343751000
1b1 38.61829339550 17.19368591290 38.61893585000 17.19338967000
1b2 38.61828207550 17.19364856290 38.61892453000 17.19335232000
1c1 38.61808961550 17.19345719290 38.61873207000 17.19316095000






















sonar mounted at the upper front of the vehicle. Due to the position of the installation on the
vehicle,asectorof180degreeindirectionoftheROVheadingcanbeimagedbyscanningthewater






















scans (Fig. 26). The recordswere useful for detection and general characterization but systematic
mappingwasnotperformedduringM112.But,atthemostvigorousemissionsiteatFlare1several














the programming module. It has to be deployed using an ROV, which transports and places the
device on the seafloor, unfolds the armwith the sonar to a vertical position and aftermeasuring
brings it back to the vessel. The measurement, however, works autonomously and has to be
programmedpriortothedive.Thedataneedtobedownloadedfromtheprogrammingmoduleand









same locationthroughacrack in theseafloor,wherecarbonateplatesoverlainbya thinsediment
cover are uplifted forming amounded structure of approximately 3m in diameter (Fig. 27). The









placed at the centre of the mound, where the crack in the carbonates opens a possibility to




setup was satisfactory. Finally, the data were successfully recorded and can be interpreted. The





again.Thespeedwas fixed to0.6degreestepsize,whichcorresponds to ‘medium’.An intervalof















screenshot of the replay of one of the first files after deployment. The sonar head is seen in the
centerofthescanandthesurrounding4meteroflowreflectivityisthewatercolumninwhichsingle
bright reflections become visible interpreted mainly as bubble emissions but might be also
sometimes passing fishes. Between 4 and 10m distance to the sonar head the high backscatter
reflectionoftheseaflooritselfistoostrongtorecognizeanybubbleemissions.Afterdeploymentand




First analyses of the scans demonstrate a generally continuous activity of the bubble stream
detected also visually with the ROV. However, this bubble stream emits bubbles in pulses with
differentfrequencies.Inthefirsthoursofobservationthefrequencyisclearlylowerthanattheend
of themeasurement. In addition, further infrequent bubble emissionswere recorded besides this
mainbubblestream,whereasmostoftheseoccurredinthesamesector(lowerleftfromthesonar
head).Especially thosesingleoccurringanomalies inothersectorsmightbe interpretedaspassing
fishes.Theamountofanomaliesinthelowerleftsectorhasbeenplottedovertimeshowingphases
ofupto5bubblestreamsactiveatthesametime(Fig.29).Nevertheless,anyobvioustrendcanbe












cruiseM112 by ROV, AUV, and controlled deployment of tools such as CTD and GC. Posidonia is
providedby the shipsoperatorandmaintainedby theWissenschaftlichTechnischerDienst (WTD).
Smalltranspondersareavailableonboardtobemountedonthecableorwirewhenusingtoolssuch
as CTD and GC. The teams operating AUV and ROV have brought their own transponders. The
antennaofPosidoniaispermanentlymountedontheship’shull.

This short report intents to document our operation during cruise M112 and compiles the
informationavailablethroughcommunicationwiththeWTD.
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    (P.Geprägs,P.Wintersteller,S.Buchheister,T.Pape)
6.1 Introduction
Atactivemudvolcanoeswarmmudand fluids includingvolatilesareexpelling.Previousstudiesat
other mud volcanoes showed that nearbottom waters might be characterized by relatively high
temperatures,highconcentrationsofdissolvedmethaneand–occasionally–by lowsalinities(e.g.
Charlouetal.,2003).DuringM112 fivegas seepagesiteshavebeenobserved in the regionof the





















During M112 24 CTD stations which in most cases included water sampling for quantification of
dissolved methane were performed (Table 8, map of all hydrocast stations:  Fig. 31). For
measurementsof severalphysicalchemicalparameters (e.g. conductivity, temperature,density) in
thewatercolumntheshipbasedSeaBirdElectronics(SBE)SBE9plusCTDprobeequippedwithtwo
SBE 5T submersible pumps and a variety of sensors (2 x SBE 4C (conductivity), 2 x SBE 3plus
(temperature),1xSBE43 (dissolvedoxygen),1 xWetLabsFLNTURTD (combined fluorescenceand
turbidity))andaBenthosPSA916Daltimetermountedtoa24WaterBottleSBECarouselwasused.
Allmeasureddatawere recordedandmonitoredonlinewith a SBE11plusV2deckunit using the
SeasaveV.7.22.4Software.Duringbothlegsofthiscruisewinch02orwinch03oftheR/VMETEOR
wereused to lowerand recover theCTDCarousel system.ThePosidonia IXSEAultrashortbaseline













CTD1 192041 X 1 LADCPfailed 8 9
CTD2 192071  3 CTDonly,noLADCP 
CTD3 192101 X 1 14 14
CTD4 192141  1 LADCP+CTDonly 
CTD5 192161 X 3 8 20
CTD6 192201 X 1 8 17
CTD7 192231 X 3 11 21
CTD8 192291 X 1 Background,noLADCP 18 21
CTD9 192311 X 1 6 21
CTD10 192331 X 3 6 20
CTD11 192391 X 3 6 20
CTD12 192411 X 3 6 21
CTD13 192471 X 2 8 21
CTD14 192501 X 7 7 21
CTD15 192561 X 3 7 21
CTD16 192621 X 2  21
CTD17 192651 X 2  20
CTD18 192711 X 2  21
CTD19 192721  1 LADCP+CTDonly 
CTD20 192731  1 LADCP+CTDonly 
CTD21 192741  1 LADCP+CTDonly 
CTD22   Failedcompletely 
CTD23 192811 X 2  21
CTD24 192881 X 1  21









bottlesoutof 24were removed from the carouselwith respect to the space requirementsof the
LADPC,soonly21bottleswereinuse.Sincethefocuswasonthedeeperwatercolumnsomecasts
weredividedinto3lowermentsatdifferentlocationswhicharemarkedwiththenumber13behind







into preevacuated 1 L gas tight glass bottles. The dissolved gas was prepared from the water
samplesbyhighgradevacuumextraction.(Lammers&Suess,1994;Rehderetal.,1999)withinafew
hoursofcollection.Thereleasedgaswastakenwithagastightsyringeviaaseptumoftheextraction






method aiming a faster and easier analysis was tested during M112. This method comprised
extraction and subsequent analysis of the gas phase for methane concentrations with the
GreenhouseGasAnalyzerGGA.






















The gas samples were analyzed onboard for their molecular compositions and methane
concentrationswitha twochannel6890N (Agilent Technologies) gas chromatograph (GC; (Pape et
al.,2010)). Lighthydrocarbons (C1 toC6)wereseparated,detected,andquantifiedwitha capillary
columnconnectedtoaFlameIonizationDetector,whilepermanentgases(O2,N2,CO2)aswellasC1
andC2 hydrocarbonsweredeterminedusing a stainless steel columnpackedwithmole sieve and
coupledtoaThermalConductivityDetector.Calibrationsandperformancechecksof theanalytical





conventional LaserAbsorptionSpectroscopywherea laserbeam isdirected througha sampleand
themole fractionormixingratioof thegas isdetermined fromthemeasuredabsorption.But this
analyzer,GGA30rEPfromLosGatosResearch,useshighreflectivitymirrors intheabsorptioncell,
whichenlargestheopticalpathlengthbythousandsofmetersandthusthemeasuredabsorptionof
light is significantly enhanced (www.lgrinc.com). Only methane can be determined with this
instrumentandthesampleisgoneafterthemeasurement.Fortheanalysis140mlofgasisneeded.
Onboard80mlorlessofthesamplewereinjectedanddilutedwithZeroAirtoreachtherequired









Particlesof thesamesizeas, suchasplankton,areexcitedby theacoustic radiationandreemit
soundwaves,whicharereceivedbythetransducersoftheADCP.Thecrucialassumptionisthatthe
planktonmoveswiththesamehorizontalvelocityasthewater,i.e.itistransportedbythewater,but
it does not move by itself. Because the scatters are usually moved by ocean currents, the
backscatteredacousticwaveisDopplershifted.(RDI,1996).

The velocity UADCP measured by the ADCP is a sum of the oceanic velocity Uocean which is the



















CTD/water sampling carousel with one at the top looking upwards (slave), and the other at the
bottomandlookingdownwards(master).NarrowbandModewasusedtoachieveamaximumrange,
whichmeansroughly130m.Thustherangeofaprofilefromonepingisintheoptimalcaseca.260
m. The true range depends on the scatteror density, which decreaseswith increasing depth. The
manufacturergivesameasurementaccuracyof0.5%ofthewatervelocityrelativetotheADCP±0.5
cm/s.Thestandarddeviationforadepthcellofsizez=8misaccordingtothemanufacturer2.0




carry out the processing of raw data, aided by additional CTDinformation and accurate GPS














3. intermediate layer 2: low temperaturedecreasingwithdepth, high salinity increasingwith
depth,oxygendecreasingwithdepth,180250mbsl
4. deepwater layer: low temperature decreasingwith depth, salinity decreasingwith depth;
oxygendecreasingwithdepthdownto1550mbsl
Mostinterestingisthewatercolumninthestudyareaapproximately200mabovetheseafloor.
TS diagrams show little differences in these water depths, even when the profiles through the
















shows twopeaks in the surfacewater. The firstpeak,which is themaximum, is reached in ca. 50
mbslwith215μmol/kgandthesecondpeakisin90mbslwith208μmol/kg.Thenoxygendecreases
to its minimum of 171.5 μmol/kg in 923 mbsl. The TS diagram shows the values of salinity and
temperature 300 m above the seafloor. Salinity remains relatively constant whereby the















































Fig. 35: TS diagramof Station CTD7with values from1400mbsl – 1500mbsl (left) and preliminary LADCP
results(right).
 
Water samples taken between thewater surface and ca. 1400mbsf showed concentrations of
dissolved methane of less than 3 nmol /l that correspond to background concentrations as
determinedatstationCTD8.Belowabout1450mbslenrichmentsinmethanewereobservedforall
water samples taken in that area (Fig. 36). In most casesmethane enrichments were apparently








































































































between 1530 and 1550mbsf (Fig. 38). However, at station CTD6 and CTD15 the bottomwater
layerwasalsorelativelyenrichedinmethane.CTD9wastakenabovethesummitofVenereMVand




































































detected in the water column in vicinity of an active and bubbling seep site. At Flare Site 5 all


















The regional background of methane is also around 2 μmol/l as observed in the southern
sedimentbasin.Butatsomelocationshighmethanevaluesaremeasuredevenwhentherewasno
active flare site. For example, the stations CTD13 and CTD17 taken in the Canyon SSW of the
VenereSummit(Fig.41):theyshowconcentrationsupto181nmol/l.CTD17seemstobeclosertoa
methane source showing one peak below 1550m water depth.Whereas the samples of CTD13








































CTD16was takenNW from theVenere Summit and togetherwith station CTD18 and CTD24
theybuiltatransectthroughthestudyareawhereCTD18isinthecenterandCTD24isinthebasin
SE from theVenereArea (Fig. 42).Water currents are supposed to come from this direction, low
methaneconcentrationsanalyzed inCTD16.2showthatnomethane isbroughtbywatercurrents
intotheVenereMVarea.EvenwhenthereisanenrichmentinmethaneinCTD16.1upto9nmol/l,
but this may be caused by another source further away from the study area. No methane was
expected at station CTD24, however, three peaks can be distinguished with increasing methane






















































































Bottomwaterwas sampledwith theGas Bubble Samplers a fewdecimeters tometers above the
seafloor.Overall,theconcentrationsofmethanerangebetween0.1–4574μmol/landaretherefore










































7.1   Introduction
In the year 2006 the MARUM ordered a deep diving autonomous underwater vehicle (AUV),
designed as a modular sensor carrier platform for autonomous underwater applications. The
companyInternationalSubmarineEngineering(I.S.E.)builtthisAUVinCanada.InJune2007theAUV
“SEAL” was delivered to MARUM and tested afterwards on the French vessel N/O SUROIT (June
2007)andtheGermanR/VPOSEIDON(November2007) intheMediterraneanSea.Sincethen, the
AUV is inoperationalmodeandwasused9 timeson field cruisesonboard research vessels (R/V
SONNE,R/VMETEOR,R/VM.S.MERIAN,R/VPOSEIDON,N/OSUROIT,R/VOR5)and2timesinLake
studies (Lake Constance, Lake Neuchatel). Therefore, this R/VMETEOR cruiseM1121 is the 10th
fieldcruiseofMARUMSEAL.

7.2   SEALVehicle–Basics
TheMARUMAUVSealisNo.5oftheExplorerAUVseriesfromthecompanyI.S.E.TheAUVisnearly
5.75 m long, with 0.73 m diameter and a weight of 1.35 tons. The AUV consists of a modular
atmospheric pressure hull, designed from 2 hull segments and a front and aft dome. Inside the
pressure hull, the vehicle control computer (VCC), the payload control computer (PCC), 8 lithium






















On the support vessel, the counterpart to the VCC is located on the surface control computer






deck, or by EthernetRFLAN modem – once vehicle is on water. The typical range of RF
communicationisaround1–2kmdistancetovehicle.Withinthisrangetheuserhasalloptionsto










7.3   MissionMode
The AUV  as dedicated autonomous vehicle  has to be predefined operated under water, by
demand.Asmentioned,onlyatseasurfaceamanoeuvringbythepilotispossibleonceitdives,it




depth/altitude thevehicle should reach/keepbyagiven speedofAUV inadistinct time.TheAUV
needs to be in a definite 3dimensional underwater space to know exactly its own position over
missiontimeinordertoactivelynavigatingonthis.Toachievethisbasicscenario,theAUVisworking
atseasurfacewithbestpositionupdatepossible,e.g.DGPSposition.Onceitdives,ittakestheactual






information,basedonrotationchangescompared to theaxis.Evenon longdurationmissions, the
positioncalculatingbytheAUVwillbeveryaccuratebasedonthattechnique.

7.4   MissionPlanning
In principle and very briefly, it would be accepted by the vehicles VCC to receive a simple list of
waypointsastargetsfortheactualmission(thelisthastobeinaspecificsyntax).Inordertoarrange
it more efficient and convenient a graphical planning tool is used for this mission planning. The
MIMOSA (© Ifremer) missionplanning tool is a software package specially designed to operate
underwater vehicles (AUVs, ROVs, Glider). The main goal of this software is to plan the current









(MERCATOR); either GISmaps, rastercharts or S57 commercial electronic navigational charts
(ENCs). These basic charts could enlarge easily with user specified GIS projects, enhanced with
alreadygathereddata,e.g.multibeamdata,pointsof interest.Once installed inMIMOSA,onecan
createAUVmissions by drawing the specificmission bymouse or using implemented set of tools
(MIMOSAplanningmode).Missionscreated inthatwayarecompletelyeditable,movabletoother
geographicallocationsandexportabletootherformats.InordertobeinterpretablebytheMARUM





7.5   MissionObserving/Tracking
TheMIMOSAplanningtoolisalsousedforsupervision,e.g.tomonitorthevehicleatseasurfaceand



















7.6   OperationalAspects







Inprinciple, theAUVcanbeoperatedoutof the lab, justwithsimplePCconsoleracks.OnR/V
METEORM1121cruise,theAUVoperationswererunoutofa20”operation/workshopvan,located














7.7   StationWorkonR/VMETEORM1121
DuringR/VMETEORM1121cruisewedid5dives,allwithouttechnicalvehicleproblems. Intotal,
280kmoftracklineshavebeensurveyedatbottom.Duringthefirst4dives,strangeproblemshave
been recognized related to the KONGSBERGEM2040MBES system.DespitewellfunctioningAUV,
therecordingsystemof theEM2040stoppederraticallywithoutanyobviousreasons.Very limited
logging options on the EM2040 system hampered the solving of the problem. Finally, the most
probable fault option seemed to be located in the original SSD hard drive, implemented in the
Kongsbergrecordingsystem.Obviously,theSSDharddrivefirmwareisnotcapabletoflushallhard
drivecachedatabeforeshutdownofharddrive.Duetothisreason,themostusedfileonSSD(the
file allocation table FAT)was handledmostly by the hard drive cache and therefore not regularly





































































The fourth dive during R/VMETEOR cruisewas the repeated no. 64 at VenereMudVolcano. The
















The sixth dive during R/VMETEOR cruisewas planned at CetusMudVolcano. The track length at
bottomwasplannedto43.9km.Thedivecouldbestartedonlyonthe3rdretry,duetoanerratic
malfunctionontheobstaclesonarinthefirstrunandabottomdetectionfaultinmidwaterlevelin

























METEOR, is installed and operated at MARUM, Center forMarine Environmental Sciences at the
UniversityofBremen,Germany.TheQUESTROVisbasedonacommerciallyavailable4000mrated
deepwaterroboticvehicledesignedandbuiltbySchillingRobotics,Davis,USA.Since installationat
MARUM in May 2003, it was designed as a truly mobile system specifically adapted to the
requirements of scientific work aboard marine research vessels for worldwide operation. Today,
QUESThasatotalrecordof350divesduring31expeditions,includingthiscruise.

During M112, QUEST performed 14 dives to depths between 1505 and 2860 m. There were
technicalissueswiththemanipulatorsduringthefirstthreedives,thesewerefixedduringthecruise
andtherewerenofurthermajor issuesconcerningthehydraulics.Duringthefirstdivewelostthe












The total QUEST systemweighs about 45 tons (including the vehicle, control van, workshop van,
electricalwinch,5000mumbilical,andtransportationvans)andcanbetransportedinfourstandard
ISO20footvans.UsingaMacArtneyCormacelectricallydrivenstoragewinchtomanagethe5000m




other auto control functions. The combination of 60kW propulsion power with DVLbased auto
controlfunctionsprovidesexceptionalpositioningcapabilitiesatdepth.Designedandoperatedasa
freeflyingvehicle,QUESTsystemexertssuchprecisecontrolovertheelectricpropulsionsystemthat












DiveNo. 337 338 339 340 341 342 343
Area Flare1 Flare1 Flare1 Flare2 Flare1 VenereTop Flare4+5
GeoBNumber 19202 19211 19221 19224 19230 19232 19240
Resp.Scientist M.Römer Y.Marcon Y.Marcon H.Sahling M.Römer G.Bohrm. T.Pape
Date 09.11.14 13.11.14 17.11.14 18.11.14 26.11.14 28.11.14 30.11.14
Startbo(UTC) 21:02 09:13 08:24 12:18 08:26 10:05 09:26
Endbo(UTC) 04:30 17:28 16:10 15:15 15:25 15:25 17:31
Bottomtime 07:27 08:15 07:46 02:57 06:59 05:20 08:05
TStick 1  2  2 2 4
Mosaic  6   1  1
Pushcorer   3  8 3 6
GBS   2 2 2 2 3
SuctionSampl.   2    
Net     3 1 
Shovel       1
Marker   1    1
       
DiveNo. 344 345 346 347 348 349 350
Area Venere Flare4+5 Flare4+5 CetusMV NikolausMV VenereMV Flare2
GeoBNumber 19242 19249 19252 19253 19255 19258 19267
Resp.Scientist D.Präg M.Torres M.Römer G.Bohrm. D.Präg M.Torres M.Römer
Date 01.12.14 03.12.14 04.12.14 05.12.14 06.12.14 07.12.14 09.12.14
Startbo(UTC) 08:45 15:44 12:43 10:55 12:06 11:14 09:10
Endbo(UTC) 16:39 19:17 19:09 17:37 18:11 18:16 13:11
Bottomtime 07:44 03:33 06:26 06:37 06:05 07:02 04:01
TStick 5 3 1 12 3 4 1
Mosaic 3 1    4 1
Pushcorer 8 5 5 1 3 8 6
GBS 3 2 2 1 3 3 3
SuctionSampl.       
Net   2 1 3  
Shovel       
Marker       1
ASSMO  1     
 
The QUEST control system provides transparent access to all RS232, network data and video
channels. The scientific data system used at MARUM feeds all ROV and shipbased science and
loggingchannels intoarealtimedatabasesystem(DAVISROV),aversionofthedatabasesoftware













of video, video is framegrabbed and digitized at 5 sec intervals, covering bothPAL andHD video
material. For extremelydetailed video closeup filming, a nearbottommountedbroadcastquality
(>1000TVL)3CCDHDTV14x zoomvideocamerawasused (insiteZeus).SpatialResolutionof this
camerais2.2MegaPixelat59.94Hzinterlaced.Recordingwascarriedoutondemandontotapesin
broadcaststandarddigitalSonyHDCAMformat,usinguncompressed1.5GbitHDSDItransmission






As a standardphoto camera, a ScorpioDigital Still camerawasused, providing 3.3.megapixel

























havebeenperformedwith88hoursand17minutesbottom time (Tab.10). Severalphotomosaic
surveyswererunusingthenewdownwardlookingcamera(ProsilicaGT6600C).Duringthedives56





temperature gradient in the sediments. Ten times we used a net for sampling sediments and



















WP1: 38°37.075’N 17°11.585’E Flareareacentre
WP2: 38°37.099’N 17°11.554’E FlareareaNWlimit
WP3: 38°37.099’N 17°11.615’E FlareareaNElimit
WP4: 38°37.051’N 17°11.615’E FlareareaSElimit
WP5: 38°37.051’N 17°11.554’E FlareareaSWlimit
WP6: 38°36.677’N 17°11.950’E VenereEast







During the predive check, a ground fault related to themounted suction sampler appeared and
couldnotbesolvedwithinshorttime.Therefore,wedecidedtounloadthesuctionsamplerinorder
to not delay the dive. On the descent to the seafloor in about 1000 m water depth the sonar
connectiongotlostandcouldnotberecoveredduringtheentiredive.Whenreachingtheseafloor
someproblemshadtobefixedinordertoholdthevehicleinastableposition,whichwasfixedafter
about 10minutes. First imageswith the Scorpio camera resultedmuch too bright but have been
adjusted for the rest of the dive. For photomosaicking the flashes did not work with the
consequence that the imagesweremostly too dark. Aworkaroundwas to increase the exposure
time.This,however,introducedmotionblurintheimageswhentheROVwasmovingtoofast.The









GeoB Instrument UTCStart UTCEnd Position Depth Comment














The first target for this ROV divewas dedicated to detecting the gas bubble emissions thatwere










of about 1.5m for having a good visual observation, the ROV reached an areawith several dark
patches (1015) in an area of roughly 10 x 5m. After documenting carefully by recording in high
definitionwiththeHDcameraandtakingseveralphotos,wetookameasurementwiththeTStick,
directly placed in one of the dark patches. First results of this measurement did not reveal an
elevated temperature gradient. Furtheron,wemoved theROV towardsWP3andpassedanother
area characterized by dark sediments andwhitishmaterial, whichwe interpreted to bemicrobial
mats.Thisareaseemstocontinuetobothsides,however,afterdocumentationbydoingphotoswe
continuedheadingtowardsWP3.Anotherapproximately20mtheROVreachedanotherseepsite,













Therefore, itwas decided to dedicate the rest of thedive to explorationonly, but to keep the
Prosilica camera on anyway.Moving a further 40 m towards northnorthwest (bearing: ca. 340°)
fromthegasemissions,wethenturnedwest(bearing:280°)foranadditional70m.Theobservations




of thedive.However,wereached thesouthern limitof theseepareaafterabout100m.Past the











flank and ending almost at the top of the western
peak.






















WP1: 38°37.102’N 17°11.621’E GasemissionsfromDive337
WP2: 38°37.092’N 17°11.607’E Darksedimentsandbacterialmats
WP3: 38°37.087’N 17°11.598’E Darksedimentsandbacterialmats
WP4: 38°37.120’N 17°11.610’E Darksedimentsandbacterialmats
WP5: 38°37.073’N 17°11.526’E Rockyoutcrop
WP6: 38°36.677’N 17°11.950’E VenereEast










A new lighting system for the mosaicking cameras (Atlas and Prosilica cameras) had to be
mountedontotheROVafterthefailureofthestrobesduringDive337.Thenewsystemincludedtwo








For this dive, we decided to record video footage from the downwardlooking Atlas camera
instead of the Pegasus camera as usual. The reason was to ensure full coverage during the
mosaickingsurveys,incasetechnicaldifficultieswiththenewProsilicacamerawouldarise.Indeed,
theProsilica camera isanewcamera thatwas recently installedon theROV,andouronthefield
experiencewiththiscameraislimited.

During the dive, USBL Posidonia positioning system failed to work correctly and produced an
anomalouslyhighamountoferroneouspositions(Fig.52).AlthougherroneousUSBLpositionscould
be filteredout inpostprocessingafter thediveand correct absolutepositions couldbe retrieved,
this irregular behaviour made the USBL system unreliable for the navigation. Therefore, the DVL



























































The first target for this ROV divewas dedicated to detecting the gas bubble emissions thatwere
identifiedduring theROVDive337andAUVDive62. Therefore, the firstwaypointwas set to the
position where gas bubbles had been observed during Dive 337. The forwardlooking sonar was
switchedonwhilenearingthefirstwaypointinordertopreciselylocatethegasemissions.Thework
withthehorizontallylookingsonarwasconductedatanaltitudeof15mabovetheseafloorinorder






corer in the centre of a large bacterialmat. To prevent damaging of other ROV components, the
hydraulicpressureinthemanipulatorhadtobereleasedandthemanipulatorwasdeactivated.The









west of the endof line 3 andheadednorth for 120m. Line 5 started from the endof line 4 and
headedsouthwesttothestartof line6.Gasbubbleswereobservedduring line5at1566mwater
depth (38° 37.09279' N, 17° 11.60369' E). Finally, line 6 started on the west side of the high
backscatterareaandcrossedthefirst four lineswithaheadingaround47°.Themosaickingsurvey
revealedoccurrenceofauthigeniccarbonateprecipitates(Fig.54left)withinthenorthernhalfofthe
high backscatter area. The northern limit of the carbonate area seems to match well with the




were observed approximately in the middle of the carbonate area, at 1562 m water depth (38°
37.08307'N,17°11.62262'E).
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WP1 38°37.1028'N 17°11.6215'E  Gas1(Dive337)
WP2 38°37.1049'N 17°11.6164'E  Gas2(Dive337)
WP3 38°37.0928'N 17°11.6037'E  Gas3(Dive338)
WP4 38°37.0831'N 17°11.6226'E  Tubeworms







Forthisdive, therecurrencetimeof thePosidoniasystemwasset to6sec.Thisresulted inavery






































































337 and 338. The first point of interest visited during the dive (WP3)was the positionwhere gas
bubbleshadbeenobservedinDive338(Fig.54).Theforwardlookingsonarwasswitchedonwhile







The next 2.5 hours following the finding of the gas emissions were dedicated to sampling
activities.Insummary,onegassample,onebottomwatersampleaswellastwopushcoresandT
stick measurements were taken within and around the bacterial mats and the gas emissions.
Temperaturegradientsupto0.2°C/mweremeasuredinthebacterialmats(Fig.56).Amarkerwas
left in order to facilitate the identification of the site in future dives (Marker 1: 38°37.09396’N,





reliably identified.However, thepush corer (R1) thatwas left on the seafloorduring theprevious
divewaseventuallyfoundandcouldberecovered.

Itwas thendecided toexplore thearea to theWestand to theEast inorder todetermine the
extentofthecarbonateareainthesedirections.Theexplorationwasconductedatafixedaltitude,
while the downwardlooking video and photo cameras were recording. The exploration line was
aimedat going fromEast toWest throughWP4.AtWP4,we landed theROVonto the carbonate
pavementstogetcloseupviewsofthetubeworms(Fig.57)andtosamplethecarbonatesandthe
fauna. The carbonates turned out to be very hard and they could not be easily grabbed by the
manipulator. However, small broken pieces could be collectedwith the suction sampler, together
with clam shells, bacterial mats, a dead tubeworm, as well as a mussel. The use of the suction
sampler exposed a blackish sediment layer that was underlying the thin top layer of brownish













































WP1: 38°36.0464'N 17°12.5812'E PSflare(start)
WP2: 38°36.0958'N 17°12.5417'E PSflare(end)







































a weak flare in PARASOUND echosounder. Based on the PARASOUND mapping, two coordinates
alongtheshipstrackwerepickedtoindicatetheapproximatepositionofthegasemissionsite(WP1










seep are clamshells, dark patches with variable densities of filamentous bacteria, authigenic
carbonatesandoneormoreclusterwithLamellibrachiatypetubeworms.Thesouthernareaofthe
fieldappearstobetheoldestpart,withmassiveauthigeniccarbonateplatesbeingbrokenapartina
craterlike feature of some meters in diameter and about one meter in depth. In the crater
tubewormtubesandrubbishhasaccumulated.Intheareaaroundthecratertheseafloorisdensely
covered by empty vesicomyid shells. The shells may be the result of mortality of clams due to
carbonatecementationofthesedimentsphysicallyorchemicallyexcludingthelivinginfaunalclams
fromtheirhabitat.Thenorthernareaof the fieldappearsyounger.Here theoneandonlybubble







seen in the EM122 backscatter maps, with high backscatter eastward and medium backscatter











































WP1: 38°37.094’N 17°11.602’E Gasemissionswest(Marker1)
WP2: 38°37.102’N 17°11.621’E Gasemissionseast
WP3: 38°37.080’N 17°11.624’E Tubeworms




























192304 Pushcorer 09:27 09:29 38°37.095’N
17°11.608’E
1567m Gashydratesfloatingup













192308 Net 13:03 13:03 38°37.081’N
17°11.629’E
1564m Carbonatesample
192309 Net 13:10 13:10 38°37.082’N
17°11.629’E
1564m Carbonatesample

















1923012b Pushcorer 14:44 14:56 38°37.101’N
17°11.628’E
1568m Withinbacterialmat




1923013b Pushcorer 14:49 14:53 38°37.101’N
17°11.627’E
1568m Outsidebacterialmat




















For comparison with the water sample taken during Dive 339 taken very close to the bubble
streams,wetookagainawatersampleatthesamelocation.Afterwards,aTstickmeasurementwas
performedlocatedjustbetweentheholesproducedbyourTstickmeasurementsmadeduringDive
















was taken inamicrobialmatandthegasbubblesamplerwas filledwithwater.Twopairsofpush







































WP1: 38°36.477’N 17°11.177’E Startingpoint
WP2: 38°36.466’N 17°11.196’E potentialtop
WP3: 38°36.458’N 17°11.303’E potentialflareposition







During thedive freshmud flows that spreadsout from the summitof themudvolcanoand flows
accordingitsdownwardslopefirsttotheeastandthentothesoutheastguidedbytheslopeofmud
volcano flankhavingbeen first investigated.Anunknownseeplikewhitepatchwassampled30m
















192322 Tstick 13:07 13:20 38°36.4332’N
17°11.2580’E
1512 Onawhitepatch








192325 Tstick 14:29 14:40 38°36.4327’N
17°11.2580’E
1513
192326 PushcorerPCR2 14:33 14:36 38°36.4326’N
17°11.2580’E
1512 Lowpenetration



















summit. Peculiar flow structureswere identifiedby small several decimeterchanges in themicro
bathymetryandanoutflowareaofthemostrecentmudflowcouldbedefinedrightonthetopof
















southern rimand followedasouth tonorth trendingprofileuntilwehavebeenbackon the fresh






















that itrepresentsbacterialmatsandthewhitespots lookedmore likecrystalgrains.Wetherefore
tookanothernetsamplefromthatplace.Unfortunatelyafterthenetsamplewasrecoveredondeck





unknown seafloor disturbance. After inspecting the ROV images from that location the seafloor








The remaininghalf hour of thedivewas used to fly in northeast direction to the subrecentmud


















WP1: 38°35.426'N 17°11.960'E Flare4
WP2: 38°35.458'N 17°12.020'E Flare5
WP3: 38°35.336'N 17°12.028'E Highbackscatterpatch

Keyresults:








and two nearbottom water samples were collected as well. Tstick measurements revealed a






















































192409 Tstick2 13:11 13:22 38°35.486’N
17°12.075’E
1608m WP3:Withinmicrobialmat
1924010 PushcorerR2 13:13 13:20 38°35.486’N
17°12.074’E
1608m WP3:Withinmicrobialmat














































































in the seafloor) pointing to gas seepage in the recent past from this site was found. In addition,
outcroppingmassiveauthigeniccarbonatesdidnotbecomeapparent.Seaurchinsthatlikelygrazed
seepassociated microorganisms were present in comparably high density. After evaluation the
structure dimensions by use of the laser lights the surrounding environment was inspected. An
isolatedbushof tubewormsdiagnostic for significant fluid upwardmigration towards the seafloor
wasfoundabouttwometersNEofthemoundandshellsofdeadclamswerewidelydistributedon
the seafloor. A few meters to the NE a subcircular cmwide crack striking (sub)parallel to the
boundariesoftheseafloorelevationandpartiallysettledbywhitishmicroorganismswasfound.Gas
bubblesescapingthecrackwererecordedwiththeROVcamerasandthesonaranddimensionsof









AtWP 2 a seafloor elevation about 1.0m in height and 56m in diameterwas found (Fig. 69
right).SimilartothestructurefoundatWP1whitishmicrobialmatsexisted inthesummitareaof
the mound, while clams shells occurred accumulated at the foot of the structure. However, in
contrasttothestructureatWP1massiveauthigeniccarbonateswereexposedinthesummitarea.
Suchcarbonateswerefragmentedandseriouslydislocated(Fig.70)potentiallycausedbyupliftdue










microbial tissueswerewaving in thewater column.Right:Collectionof a fragmented carbonatewith the
manipulatorclawwhilemeasuringtheinsitutemperaturewiththeTstick(Tmeasurement1). 

A sampleof the gasdischarged into thewater columnwas collectedbyuseof theGasBubble
Sampler (GBS1). Formeasurementof the in situ temperaturewith theTstick close to thebubble
emissionsite,severalattemptswereneededsincetheseafloorpenetrationwasseriouslyhampered











A nearbottomwater samplewas takenwith theGBS (2) about 2mabove themound top for

































started. QUEST was finally moved with a velocity of 0.1m/s and at an altitude of 1 m along six














foot of themoundlike structure. Furthermore, a temperaturemeasurementwith the Tstickwas
conductedon topof the structure.However,becauseofvery resistantmaterial in thesubseafloor
thepenetrationofthetoolwasstronglyhampered,sothatseveraltemperatureloggersremainedin
the water column during the measurement. During penetration gas bubbles were escaping the
seafloor. Remarkably, subangular whitish pieces were detached from the seafloor during tool
penetrationandextraction.Theturbulentrisebehaviourandcomparablyhighascendingvelocityof









shoveldesigned forQUEST to improve theaccessibilityofdeeper sediments (Fig.74 right).During
deployment of the shovel that lasted for about 15mins, deposits as deep as about 20 cmbelow




















WP1: 38°36.452’N 17°11.249’E Startingpointontheseafloor
WP2: 38°36.488’N 17°11.249’E northernboundaryoftheflow
WP3: 38°36.477’N 17°11.311’E Flare3a
WP3corr 38°36.448’N 17°11.305’E Flare3acorrected




Volcano, acquiring photomosaic imagery, temperature measurements, bottom water samples at
different heights above seabed and pushcores. Oldermud flows with a bioturbated hemipelagic
coverweredistinguishedfromyoungeroneswithanirregular,brokensurface,consistingofsoftmud
witha tissuelikeyellowishveneer.Bubbleswereseen to rise fromthemudat theoutflowcenter




Therewere no serious technical issues. TheWP3 position provided for Flare 3awas in error, the
correctpositionwassubstituted intheGlobalMapperproject.Thesonaroperatedthroughoutthe



































































1924211 PushcoreR7 14:57 15:02 38°36.460N,
17°11.243E
1502m PairedwithPC15









































The objective of Dive 344 was to characterize a series of fresh mud outflows from the western
summit of VenereMud Volcano, which AUV data show begin at a small (<10mwide) domelike
featureonthesummitat1499m(Fig.75)andextend1.6kmtothebaseofthemudvolcanicconeat







mud flow, referred to as the ‘highway’, was easily recognizable from straight borders about 2m
apartandaroughsurface(Fig.76).Progressivelyoldermudflowstoeithersidechangedfromslightly
lessroughareaswithayellowishcolour,tosmoothareasofbioturbatedhemipelagicsedimentinthe
north (Fig. 76).Onlya fewpossible clastswereobserved. TheROVmovedupslope to theoutflow





2mwideand<1m in relief, formedby thebordersof the ‘highway’ risingandcurvingaround to
meetbehindthehighestpoint(Fig.77).Aphotomosaicwasmadeofa20x30kmareacoveringthe
















northoutsidetheoutflowcenter, inanareaofolder flow lineations.Theseabed inthe latterarea
was observed to be covered by a yellowish tissuelike film; in addition, tiny circling animalswere
observed just above seabed, as had been seen near gas flare 5 during Dive 343. A panorama of
Scorpiophotosofthemudflowswastaken(images33923398).

TheROVthen left thesummit, followingthecurving ‘highway’downslopeto theeastand then
















first site 23m below the landing site occupied earlier in the dive, the second site another 10m
downslope.Tstickmeasurementsweretakenatbothsites.Atthelastsite,twoGBSsampleswere
taken of bottomwaters at 2m and 3m above seabed, to obtain a high resolutionwater column
profiletocomplementCTDdata.

The total of five T stick measurements made at the summit during the dive proved to be
remarkable. All four in the upper 1015 m of the outflow center recorded increases of up to 8
degreesoverthe60cmlengthoftheTstick,correspondingtogradientsof14.415.3°C/m(Fig.80);
thethirdmeasurementtakenadjacenttotheoutflowcenterwasslightlylowerat5°C/m.Atallsites




























































Successful deploymentof theASSMOsonarobservatory andTstick, to record24hoursofbubble
andtemperaturechangesatFlare5(Marker2).Bubblequantificationatthislocation.Explorationof
areawestofMarker2anddiscoveryofbubblestreamsat locationofFlare4,whereMarker3was



















































192499 Marker#3 18:39 18:39 38°35.4285’N
17°11.9594’E
1606 m Atbubblestream













































the Prosilica camera. For the purpose of calibrating the sonar, gas emission quantification was












todocument theextentofeachof theseepareas in relationto thebackscattermap.At18:01we
observed active bubbling, quite strong and regular at 38°35.42937’N and 17°11.96194’E. A
photographoftheemittingsitewastakenwiththelaserson.Weproceededtocollectagassample
atthissite,duringthecollectionwekepttheHDcameraontoallowforquantificationbasedonthe







At this location, we conducted two stations each included a temperature measurement, and
rhizonpush core forporewater samplingandapushcore forvolatiles,porosityandmicrobiology
samplestakenincloseproximitytoeachother.Oneofthestationstargetedtheareaverynearthe






The temperature data from both stations seems very similar, with a temperature gradient of







































The forward looking sonar (Kongsberg) couldnotbe installedon theROVsuccessfully for thedive
































192525 Bubblecatcher 15:01 15:10 38°35.4297'N
17°11.9597'E
1606m BubblestreamatMarker3








192528 GBS(blue) 15:57 15:57 38°35.4444'N
17°11.9595'E
1606m NorthofWP2






































ASSMO,whichwouldhopefully record still at thesame time.Thismayallow later tocorrelate the
estimated gas flux to the backscatter intensity recorded in the sonar scans. The same gas bubble
streamasthedaybeforewasfound,whichwasstillpulsing.Justasaroughimpression,wenoticed
that the pulsing frequency seems to be slightly higher than the day before during Dive 345.
Afterwards we moved around the area and determined the northern, eastern and southern














Due to the pulsing nature of the bubble stream,we performed a quantification using the bubble
catcherinsteadofavisualscalingofsinglebubbles.Ittook~9minutestofillabouthalfalitrevolume
inthebubblecatcher.Furthermore,theTStickwastriedtoplacewithinthebubblestream,butthe
subsurface seemed to behard in ~20 cmdepth.After the second try the TStickwas bended and
couldnotbeusedfor therestof thediveandthemeasurementwasnotuseful for interpretation.
















origin than a precipitate.We reached thewestern boundary of the seep influenced area close to
WP3andheadedbackinaparallellinetothenortheast.Theelevatedareaalreadyrecognizedinthe
backgroundwhensamplingatMarker3wascrossedandacollapsestructurewasdetectedontopof































WP1: 37°53.123’N 17°27.747’E Startingpoint,northofthecaldera
WP2: 37°52.786’N 17°27.733’E Centertop
WP3: 37°52.606’N 17°27.728’E Elevation,southernpartofcaldera























192532 Tstick 11:12 11:22 37°53.116’N
17°27.744’E
2268 Outsidethecaldera
192533 Tstick 11:42 11:50 37°53.073’N
17°27.745’E
2243 Ontherim
192534 Tstick 12:13 12:20 37°53.017’N
17°27.742’E
2250 Intheringdepression
192535 Tstick 12:44 12:54 37°52.961’N
17°27.742’E
2243 Onthemudflow








192538 Tstick 14:19 14:29 37°52.832’N
17°27.737’E
2231




1925310 Tstick 15:06 37°52.809’N
17°27.736’E
2231




1925312 PushcoreR7 15:15 15:16 37°52.809’N
17°27.736’E
2231 Ca.1mfromtheTstick
1925313 Tstick 15:30 15:42 37°52.786’N
17°27.735’E
2232
1925314 Tstick 15:56 16:06 37°52.768’N
17°27.733’E
2232




















eastern sidea ca.400mbroadoutflow.Severaleast towestorientedmud flow ridgesareclearly
connected to themud flow activity of CetusMV. Dive 66 of AUV SEAL 5000mapped themicro
bathymetryofthenorthernhalfofthestructurewhichiscombinedwithship’sbathymetrymeasured
during M112 in Fig. 94. The dive started at its deepest point at the foot of the ring wall which
surrounds the central caldera of Cetus MV (Fig. 94), where the first Tstick measurement was
performed.Weascended~25mheightovertheouterandshallowerflankoftheringwalluptothe
rimand a further Tstickmeasurement (GeoB192543)was performed aswell as in the inner ring
depression(GeoB192544)afterwedescendedaroundthesteeperinnerflankoftheringwallaround
13m.Fromthisinnerringweheadedovertheotherriseinseafloormorphologyofabout10mand









Along the trackwe foundadeviation indepthsbetween themapand theROV.Themapgave
depthinformationwhichwas16to25mdeeperthanthedepthofthepressuresensoroftheROV.
The temperaturemeasurements itself along this track showed clearly normal heat flowof around
0.024–0.035°C/mattheouterpartofthecalderastructurebetweenSitesGeoB192532and6.A
slightlyincreasedheatflowof0.051°C/mwasrecognizedatSiteGeoB192547justaboveadistinct
ridge of 1.5m (Fig. 95) and indicatesmay be the rim of the subrecentmud flow activity on the
summit. Six temperature measurements close and around the summit show heat flow values of










TstickmeasurementatSiteGeoB192538wasperformedweobserved the seafloorusing theHD
camerainhighresolution.Severalspecimenofanunknownanimalformingtreelikebuncheswere
observedandsampledwithanet(GeoB192539).Unfortunatelythesesmallanimalshavenotbeen

















WP1: 37°49.000’N 17°58.232’E Startingpointonrimofcrater
WP2: 37°48.812’N 17°58.111’E withinthecrater
WP2corr: 37°48.912’N 17°58.111’E withinthecrater,corrected
WP3 37°48.842’N 17°58.023‘E westernrimofcrater
WP4: 38°48.887’N 17°58.131’E deepestpointofcrater














































192557 PCR5 15:08 15:13 37°48.895N
17°58.131E
2692m PCR5,closetoTstick





































hemipelagic sediments of low relief, with signs of bioturbation. A brownish clast or crust was
observednearthelandingsite,50cmlongandslablikewithatiltedsurface;whenanattemptwas
made to sample with the ROV arm, it crumbled (Fig. 97); a sample was obtained using a net,
releasinga finecloudof ‘dust’ that flowedslowlyacross the lowseabed relief for severalminutes
(Fig.97).Thenetsampleconfirmedtheclasttobesemilithifiedsediment.Nexttotheclast,aTstick
measurementwasacquired(Fig.97),alongwithapushcore(thatdidnotpenetratecompletely).The












small mounds, semicircular to elongate, all draped by hemipelagic sediments (Fig. 98). The ROV










debris, thought tobepteropods, sampledusing the lastnet (Fig. 100)and later identifiedas large
diatoms. The ROV thenmoved SE and S across themounds,which became smaller, andwere no
longerpresentaboveabout2690m.

The ROVmoved south, upslope towards the lowest part of the crater rim at 2680m, across a
seabed that once again consisted of low relief hemipelagic sediments. A number of elongate
depressionswerepassed,theirlongaxestransversetotheslope,eachwithtiltedslablikeclastson
oneorbothsides,asthoughscoured(Fig.97left).TheROVarrivedatthelowestpointofthecrater
rim and on the open slope found a carpet of diatoms (Fig. 97 right). A T stickmeasurementwas
taken,andaGBSsampleofbottomwaters.TheROVthenmoveddownslopeacrossalobatefeature










The temperaturemeasurementsmadeat three siteswerenonlinearandgave lowornegative






























WP1: 38°36.307’N 17°11.177’E Wofmudflow
WP2: 38°36.385’N 17°11.122’E Eofmudflow
WP3: 38°36.407’N 17°11.277’E potentialflarearea

















Light intheAtlascamerawasnotworking,but therewerenoother technicalproblemsduring the
dive, however after the last sample was successfully collected, there was a serious leakage of
























































































































appeared highly bioturbated, with some variations in topography, but always showed a cover of








































portionof the flow,which corresponds to the depth increase in the bathymetricmap. Continuing
acrossthecaldera,bioturbationissignificantlydecreasedandnoevidenceofflow.

As the vehicle approached the SE flankof the caldera, an increase in bioturbation is observed,
followedbytheappearanceofsomebacterialmatandblacksedimentpatchesindicativeofseepage
activity,alongafractureobservedinthebackscatterdata(Fig.103).Theelongatedareaofbacterial
mat coverage isestimated tobe15 to20meters long.This regioncorresponds toobservationsof
flares in the SeabeamandParasound surveys, howeverno gasemissionswereobserved from the




































relative tobackground, showinga valueof130°C/km.Within themost recent flow;however, are
muchhighertemperatures,withamaximumvalueof5453°C/kmmeasuredatthestation80meters





































WP1 38°36.0961’N 17°12.5717’E  Bubblestream(Dive340)
WP2 38°36.1160’N 17°12.5504’E  Flare2north








Amajor issueduring thisdivewas thedifference in thenavigation relative to the lastdive in that
area(Dive340).Similartoexperiencesduringearliercruises,thisphenomenonseemstoberelated
to the heading of the ship during the dive. During ROV340 the heading of the ship was
approximately south,whereas during this dive the headingwas almost north. The differencewas

























































1926711 GBS 12:55 12:55 38°36.100'N
17°12.564'E
1596m Watersample
1926712 GBS 13:06 13:06 38°36.101'N
17°12.564'E
1595m Watersample





The second dive at Flare 2 was dedicated to investigate the north and south of the seep area
detected during the first dive (ROV340). Detailed hydroacoustic observations during the cruise
resulted,thatnotonlyoneflareoccursatFlare2.DuringthefirstlegofM112justthecentralflare
wasactiveand investigatedduringROV340.However,duringthesecond leg,several flaresurveys
showeddifferentechograms,inwhichtwoflaresarelocatedclosetoeachother,onenorthandone
southoftheformerposition.Thedivestartedattheposition,wheregasbubbleshavebeendetected
duringROV340 inorder to check if bubble activity is visible.Unfortunatelywe could not find the
same spot at the given position and searched for the seep area in the surrounding. About 20m
southwest a collapse structure was found (Fig. 114 left), which is probably the same as the one
detectedalreadyduringDive340.Followingtheseepinfluencedareawealsofoundthesiteofthe
alreadyinvestigatedbubblestream.Thepositionplotsabout15mnorthwestoftheearlierposition.




seep indicationswhere the northern flare has been estimated. A young appearing seep areawas
passed,butduetothenavigationinaccuracyandapossibleshiftof15mtothenorthwestwewent
onsearchingforfurtherseepindicationsinthatdirection.However,withoutsuccess.Therefore,we






the area several times and carefully watching for visual bubble observation and simultaneously
scanningwiththeROVmountedhorizontallylookingsonar (Imagenex881).Afterwards,wemoved
backtothecentralflareareaclosetoWP1(wherenowagasbubblestreamwasdetectedveryclose









was placed close to the bubble site. By penetrating the TStick into the sediments a new quite
intensegasbubblestreamwascreatedwhichlastedforalmosttheentiretimeofthemeasurement.
The resulting temperature curves and also the calculated gradient reflect the influenceof the gas
bubble stream (Fig. 111): the curves do not come into equilibrium and also the gradient shows a












Fig 111: Left: temperature curves measured during TStick deployment close to a bubble stream, which




























with plastic foil (or plastic bag – in German “Tütenlot”) for different purposes: plastic liner for
keepingthesedimentstodescribeandarchiveandplasticfoilforaquickaccessofsedimentsifgas
orgashydratesweretobeexpected.Ingeneral,acorebarrellengthof3mwasusedduringLeg1.
Weused a 6m long corebarrel only one time successfully, during the seconddeployment itwas
bent.

TheMIC is usually equippedwith four coresof 7 cm inner diameter and60 cm length.Due to
technicalproblemsthecorerwasreducedtoonlythreecoresduringLeg1.TheMICwasdeployedon
the ships cable usually used for lowering the CTD (W2/W3). It wasmodifiedwith four additional
weightseach10kgtomakeitheavier.Despiteitslowweight,itcouldbeloweredwith0.8to1m/s.
ItwasalsoequippedonetimewithPosidoniashowingthat,despiteitslightness,itwasclosetothe





































The gravity corer was deployed 38 times during M112 (Table 25) mostly at three different mud















GC1 1920501 VenereMV(Flare1)  X 262 X 
GC2 1920502 VenereMV(Flare1) X  176 X 
GC3 1920601 VenereMV  X 227 X 
GC4 1921201 VenereMV(Flare1) X  545 X 
GC5 1921301 VenereMV  X 232 X 
GC7 1922701 CetusMV  X 165 X 
GC8 1922902 Deepseabasin,SEofSicily  X 215 X 
GC10 1923401 VenereMV(East)  X 194 X 
GC11 1923501 VenereMV(West)  X 262 X 
GC12 1923601 VenereMV(Flare1) X  220 X 
GC13 1923602 VenereMV(Flare1) X  97 X 
GC14 1923701 VenereMV(West)  X 119 X 
GC15 1923801 VenereMV(West)  X 131 X 
GC16 1924401 VenereMV(East)  X 96 X 
GC17 1924501 VenereMV(Westernsummit) X  515 X 
GC18 1924502 VenereMV(Westernsummit)  X 326 X 
GC19 1924601 VenereMV(West)  X 194 X 
GC20 1926001 VenereMV  X 271  X
GC21 1926101 VenereMV(Mudflow3)  X 257  X
GC22 1926301 VenereMV X  275 X 
GC23 1926401 VenereMV(Mudflow4)  X 163  X
GC24 1926901 VenereMV(Mudflow1)  X 300  X
GC25 1927001 VenereMV(Mudflow1)  X 255  X
GC26 1927501 VenereMV  X 93  X
GC27 1927601 VenereMV X  195 X 
GC28 1927701 VenereMV(WesternFlow)  X 38  X
GC29 1927801 VenereMV(NWflow)  X 293  X




GC31 1928001 VenereMV  X 286  X
GC32 1928201 CetusMV  X 515  X
GC33 1928301 CetusMV X  293 X 
GC34 1928401 CetusMV  X 570  X
GC35 1928501 CetusMV  X 540  X
GC36 1928601 CetusMV  X 480  X
GC37 1928901 SartoriMV  X 250  X


















Fig. 10),with a total of 1215 cm sediment recovery: GeoB 192051 (Fig. 116), 192052 (3m long
core), GeoB 192121, 192131 (6 m long core). Mud breccia was recovered in all these cores. It
consistsofastructurelessmixtureofagreymatrix(finegrainsize,clay)andclasts(rockfragments).
Themudbrecciapresentsgasindicatorssuchasastrongsulphidicsmellandmoussytexture.Rocks



















westernpeakofVenereMV.Onlymoussymudbreccia composes these cores. It is a structureless
mixture of a sticky grey matrix, of fine grain size (silty clay). Rock fragments are composed by
millimetric to pluricentimetric clasts,mostly hard, with different lithology (mudstone, sandstone,
mudclasts,marlylimestone,etc.)andcolour.Twolevelswithahigherconcentrationofclasts(friable













the five collected.Onlymoussymud breccia (Fig. 117) composes these cores. It is a structureless
mixtureofastickygreymatrix,offinegrainsize(siltyclay).GeoB192351hasanoxidizedportionat
the top of the core. GeoB192351 and GeoB192761 are characterized by moussy texture from,
respectively,52and8cmbsftothebottomofthecore.Theuppermost8cmofGeoB192761havea
soupy texture. For these cores, rock fragments are composed by millimetric to pluricentimetric




GeoB192061 and GeoB192381 were taken from the northern flank of the western peak of
VenereMV (Fig.10).Onlymudbrecciawas found in these cores. It is a structurelessmixtureofa
stickygreymatrix,offinegrainsize(siltyclay),anddifferentclasts.InGeoB192061,nogasindicators
areobservedinthefirst170cm.From170cmtothebottomofthecore,thematrixtexturebecomes
















of the summit of the eastern peak of Venere MV (Fig. 10), with 576 cm of sediment recovery.
GeoB192341 and GeoB192441 were described during the cruise. These cores share a similar
hemipelagic sequence in theuppermost 5060 cm. The surface layer is composedby structureless
brownsiltyclays.Underthebrownclays,acentimetric(56cmofthickness)darkbrownsandylayer
isobserved,overlyinga segmentofgrey silty clays.The sandy layergivehighervalues in termsof
magnetic susceptibility (see Appendix). The grey clays represent the bottom of the hemipelagic
sedimentation:underthelatters,thecoresarecomposedbyastructurelessgreymudbrecciawith
rock fragments. Themudbreccia is composedby a fine grain sizematrixwithmillimetric topluri
centimetricclasts,mostlyhard,ofdifferentlithologyandcolour.






were sampled in the area covered by the mud flows of Venere MV (Fig. 10), with 1415 cm of
sediment recovery. Only two cores (GeoB192371 and GeoB192461) from the mud flows were
describedduringthecruise(tot.313cm).Asurfacelayer(832cmbsf) iscomposedbyhemipelagic
brownsiltyclayswereobservedonlyforGeoB192461.Underthesurfacelayer,GeoB192461shares
the same sedimentological features of GeoB192371: structureless grey mud breccia with rock











(silty clay).With the depth these clays become gradually darker in colour. A gradational inclined









GeoB192292 comes froman areawithoutmud volcanoes and for this reason is the only core
describedduringthecruisewithoutmudbreccia.Until176cmbsf,thecore iscomposedbymuddy
greyvery finesediment (clays).Thebottom(176215cmbsf)of thecore iscomposedbydarkgrey
sandysediment,verycohesive.Thesefinesandsaresimilartothesedimentremainsobservedinthe




of fine grain size (silty clay), and millimetric to pluricentimetric clasts, mostly hard, of different





GeoB192081(MIC1and2)wassampleat flaresiten.1.Ontopof thecore, there isa fluidblack
finegrainedsedimentsurfacelayerwithvesicomydshells(entireor infragments,upto1cmsize),
pteropod fragments and irregular pieces of authigenic carbonate. Sulphidic smell.White bacterial
filament observed on the surface of MIC2. Under the surface black fluid sediment, a dark grey











GeoB192793 MIC4) was sampled at Venere MV, but outside the area of the mud flow. It









Push corer is a specific tool of the ROV, widely used for sediment sampling of the shallow sub
seafloor (max 2022 cmbsf). At hydrocarbon seeps, the subseafloor is the location of peculiar
microbial biogeochemical processes. For these reasons,push coreshavebeen sampled for further
investigation about porosity,methane concentrationcomposition andmicrobiology. The sediment
description and the magnetic susceptibility measurements (see Appendix) provide background
information, useful for correlation with results of other analyses. During the cruise M112, three
typologyofsedimentcharacterizethepushcoressampled:
1) Blackdark grey fine sands with high sulphidic smell. Most of the sandy particles seem to be
authigenicsulphideprecipitates(pyrite?).Allthesepushcorescomefrombacterialmats.Inmost






mostly hard. Pervasive moussy texture observed mainly in the push core from the western



















GeoB1924010 X X X X 
GeoB1924012 X X X X 
GeoB1924015 X X X X X
GeoB1924206 X X X X 
GeoB1924210 X X X X X
GeoB1924211 X X X X X
GeoB1924214 X X X X 
GeoB1924217 X X X X 
GeoB1924907 X X X X X
GeoB1924912 X X X X 
GeoB1925210 X X X X 
GeoB1925214 X X X X 
GeoB1925312 X X X X X
GeoB1925507 X X X X 
GeoB1925804 X X X X X
GeoB1925809 X X X X 
GeoB1925811 X X X X X
GeoB1925814 X X X X 
GeoB1925817 X X X X 
GeoB1926704 X X X X 
GeoB1926708 X X X  










abiogenic or gas originated by gas hydrates destabilisation) is “consumed” in situ (Hoehler et al.
1994).Basedonthequantitativeanalysesonthesulphateandmethanecontentintheporewaters
andverifiedby the isotopemassbalance,geochemistshavepostulated theanaerobicoxidationof
methane(AOM),throughthesulfatereduction,suchasthedominantbiogeochemicalprocessatcold
seeps(Suess&Whiticar,1989;Borowskietal.,1999).Howeverforseveralyears,theAOMquestion
remained controversial because the microbes responsible of this reaction remained elusive, until
microbiologicalassociationsofmethanotrophicarchaea(ANME)andsulfatereducingbacteria(SRB)
havebeenvisualizedbymeansoffluorescenceinsituhybridizationmicroscopy(FISH)fromHydrate
Ridge (Boetius et al., 2000; Knittel et al., 2005) and confirmed also in cold seeps and clathrates
depositsofEelRiverbasin(California,USA)(Orphanetal.,2004)andintheGulfofMexico(Joyeet
al., 2004). In general, the oxidation process ismediated bymicrobial consortia and consists of an
inner sphere containingmethanotrophic archaea (ANME) surrounded by sulfatereducing bacteria
(SRB).Metabolicreactionsofthisconsortiumcouldbesummarizedinthefollowingequation,which





As it was observed, one of the products of the AOM is the bicarbonate ion, increasing their
concentration at cold seep. These chemical variations influence the alkalinity on the pore water,




In literature these carbonates are called “coldseep carbonates” or “authigenic carbonates”












seems to be composedbybackground sediment cementedby authigenic carbonateminerals. The
term “carbonate” could then result inappropriate. Until further petrographicmineralogical
investigations,thecrustsobservedwillbedefinedascarbonatecrustsorslabs(Figs.10a,b,c,d).

Most of the carbonate crusts are outcropping mainly at the flare sites of Venere MV, with
differentmorphologies(seeFigs.122and123).Themorphologyofthesecarbonatecrustsisclearly
relatedtoseveralkeyfactors:CementationgradeandthicknessarestrictlyrelatedtotheAOMrates






fluidpressure. The cracksobserved (Figs. 122and123)areprobable related toan increaseof the
fluidpressureoftheunderlyingsediments,thusexceedingtheshearstrengthofthecarbonatecrust.

With cementation, permeability of the background sediment decreases, redesigning leakage
pathwaysoffluidsenrichedofmethaneand/orhydrogensulphide.Figure122rightshowsclearlythe
contrastof thebiological activityon the surfaceof the carbonate (almostabsent) andon the soft




as local traps for fluidsmigratingupwards, favouring theaccumulationunder the carbonate crust.
This phenomenon could help the increase of the fluid pressure, until the break of the carbonate
crust. However, the carbonate crusts can be altered by elements of secondary porosity, like
discontinuities (fractures),cavitiesrelatedtomicromacrobiologicalactivityandcorrosionpatterns.
Secondary porosity represent an ideal degassing pathway. During the ROV dives,most of the gas
flares observed came from fractured carbonate crusts. Rapid degassing can lead to a sudden


















several macrofaunal organisms living in this context, ROV observations and samples collected






GeoB 192308. One carbonate piece (13.5x8x4.5 cm) with rough surface with several millimetric
bivalve shells. Altered surface is yellowish brown,while the fresh surface is grey. A green tubular












On one side of piece b three brownish shells of Idasm. are present (1.5x0.6x0.4 cm). On the
opposite side, thereare thebrachial aperturesof two tubeworms (onewasempty, theotherwas
occupiedby theorganism, still livingwhen it arrivedon thedeck).Authigenic carbonatesminerals
(probably aragonite) seem to cover a portion of the altered surface of piece b. Piece c has two
yellowishhairyshellsofIdasm.(1.5x0.6x0.4cmand0.9x0.4x0.3cm).Thesurfaceofpiececseemsto
havebiologicalremains,deeplyeroded.
GeoB192405. It is constitutedby three samples (a, 28x18.5x7.5 cm; b, 19.5x15x5.5 cm; c, 7x6x4
cm).Thissamplecomesfromthecarbonatemoundbubblingsiteofflare45ofVenereMV.Pieceais
themain sample and the following description refers to this piece. It represents a portion of the
borderofthecarbonatecrust,colonisedbyasmallcolonyoftubewormL.anaximandriandcovered
byawhitishbacterialmat(Fig.124right).Theuppersurfaceissmoothandgreyishbrownincolour.
The lower surface is rough with several holes and dark grey in colour. Most of the sample is
composed by background sediment (fine sands, authigenic sulphide precipitates), cemented by
authigenic carbonates. The grade of cementation decreases with depth. Sulphidic smell felt. The
lowersurfaceisalsoenrichedbyseveralelementslinkedtobiologicalactivity.Severalholes(d.max
0.5cm)areconcentratedintheareacoveredbythewhitishbacterialmat.Theseholesareprobably
associated to bioturbation or corrosion phenomena due to biogeochemical variations induced by
microbialactivity.Several (ca. twenty individuals) tubewormsL.anaximandri livedanchoredto the
piecea.Alltheportionsofthetubewormareobservableinthesample:theanteriorchitinicportions







end (16 cm long)of L. anaximandri. Few Idasm. individualshavealsobeendiscovered in cavities.




GeoB 192524. One sample (10x9x4 cm). Black background sediment, mainly composed by
authigenic sulphide precipitates, cemented by carbonate. Rough surface. Sulphidic smell. One
individualofvesicomydobserved.
GeoB1925213.Itiscomposedbytwosamples(a,39x30.5x9cm;b,22x15x10cm).Bothsamplesare
characterised by a rough altered surface, mainly composed by bioclasts of different organisms
cementedwithseafloorsediment(Fig.125left).Thethicknessofthesurfacelayerisca.2cm.Above
the surface, the samples are characterised by a semilithified background sediment (fine sands,






sampled at NicolasMV (site with the highest concentration of pteropod shells) and they are not
carbonates. The main sample (piece a) is covered by the incoherent hemipelagic sediment that
characterised the seafloor of NicolasMV. A dark brown (10 YR 5/4) crust composes the lithified
uppersurfaceofthesample(Fig.125right).Thecoloursuggeststheoccurrenceofoxidizedminerals.
Underthiscrust,thesampleiscomposedbysemilithifiedsiltysands.Thecementationofthesands
decreaseswith depth. Pieceb shows similar features of piecea. Piece c is only composed by the
semilithifiedsands.





analyses, will be useful to better define the nature of the collected samples. The combination of








































1920801 VenereMV Minicorer Hemipelagicsediments(siltyclay)






















































1925204 VenereMV(Flare45) ROVArm/Net Authigeniccarbonatecementingsandysediment.








1925503 NikolausMV ROVNet Brownishcrustandclast,overlyingsemilthifiedsands





















1928501 CetusMV Gravitycore(PVC) BlacksedimentwithH2Ssmellfromthecorecatcher(>5mbsf)
1928601 CetusMV Gravitycore(PVC) Sedimentfromthecorecatcher(>5mbsf)










the DAPC I and DAPC II were used with the aim to recover gasrich or even gas hydratebearing
surfacesedimentcoresunderinsituhydrostaticpressureforthequantificationofsedimenthosted
gas.The innerdiameteroftherigidPVCliner inbothtools is8.5mmwhilemaximumcore lengths
are265cm (DAPC I) and275cm (DAPC II), respectively.Detailson the technical specifications,on
maintenance and handling on board, and on the degassing procedure of the DAPC are published
elsewhere(Bohrmann,Papeetal.,2007;Heeschenetal.,2007;Abeggetal.,2008;Papeetal.,2011).
DuringM112sevenDAPCstationswereperformed(Table28).TheDAPCwasloweredviawinch10
andthemovebarwitha ropevelocityof0.5ms1andheavedwith0.50.8ms1.According to the
DAPCworkingprinciplepenetrationofthecorecuttingbarrelwasconductedinthefreefallmode.


















  [bar] [L] [cm] [LL1] 
192431 Flare
Site1









II 164 41.3 210 3.68
192571 Flare
Site1




























During M112 gas sufficient in concentrations for comprehensive analysis of its molecular
compositionwascollectedeitherwiththeDynamicAutoclavePistonCorer(DAPC,Chapter10.1)or
withGasBubbleSamplers(GBS)operatedwiththeROVQUEST(forlocationsseeTable29).Whilegas






in the DAPC or GBS pressure chamber gas samples were taken with a gastight syringe and
transferred into 20ml glass vials prefilledwith saturatedNaCl solution for longterm storage and





During M112 76 gas subsamples were measured for their molecular composition. Hydrocarbon
originswereassignedaccordingto theclassificationbasedonhydrocarbonratiosandproposedby
Bernardetal.(1976).AllventgassamplescollectedattheemissionsitesofFlares1,2,4,and5were







GeoB Site Tool/Gastype C1/C2 (range) Putativehydrocarbon
origin
192212 FlareSite1 GBS/vent 1,7801,910 mixed(microbial)
192571 FlareSite1 DAPC/sedimentary 1,2101,600 mixed(microbial)
192242 FlareSite2 GBS/vent 8951,080 mixed(microbial)
192495 FlareSite4 GBS/vent 1,0602,370 mixed(microbial)
192402 FlareSite5 GBS/vent 1,1301,220 mixed(microbial)
  
192511 Summitmudflow DAPC/sedimentary 95121 mixed(thermogenic)
192681 MudFlow DAPC/sedimentary 91130 mixed(thermogenic)























Because the bottom water temperature was ~18 degrees, we collected the fluids at room




















± 0.1 PSU calibrated daily against IAPSO standards of 9.989, 29.968, 34.993, and 38,022 PSU. For


































distance fromthesummit, revealed thatmagnitudeofpore fluid fresheningdecreasesas the flow
ages. Pore fluids show values of 15 PSU in the upper20 cmbsf in stations >100m away from the







observed in theareaofFlare1,withno significantdeviation frombottomwatervalues (Fig.128).





At all the cored sites, there is no significant difference in salinity values across a seepage area
fromhighlyactivebubblingtomorebackgroundsediments,indicatingthatthefresheningisamore









indicative of a real background situation, as observed in Dive 341 in the area of Flare 1. Cores
collected over “backgroundlooking” areas still showhigh alkalinity, but at close inspection of the
sites sampled by the ROV show that the sediments immediately below the surface have a black
coloration indicative of sulfideminerals. Figure 134 also includes data from a referenceMIC core





ofrecentgasseepagewasobserved,consistentwitha lackof flare imagesafterrepeatedacoustic
surveysofthearea.Howeverbottomwatersamplescollectedneartheseafloorindicatepresenceof
methane in the crater of both volcanoes (Fig. 130). Salinity data in push core fromCetusMVhas
almostnearseawatervaluesthroughoutthecore;howeveragravitycorefromthisareahasaclear




Salinity values of a push core retrieved fromNikolausMV are consistently freshened, with an
overalldecreaseof2PSUrelative tobottomseawater.At this location there isalsohighmethane
concentrationofasamplecollectedneartheseafloor, indicatingthatthis is indeedamudvolcano,
and that it experiences upward advection of deepsourced fresh and methanerich muds, even
thoughatamuchreducedactivitythanobservedVenere.

Alkalinity in push cores frombothCetus andNikolausMVs are quite low, at about 5mM (Fig.






















192214    1 Inbacterialmatwithinbubble
stream




















1923012a 2935   Y Withinbacterialmat–forrhizons
sampling
1923012b  9  10 10
1923013a 2328   Y Outsidebacterialmatforrhizons
sampling
1923013b  5  7 7
1923014a 1116   Y Atanotherpatch,withinthe
bacterialmatforrhizonssampling
















192323 3540   Whitepatch,apparentcrystals
192326 4142   Insidecaldera,lowpenetration
















1924010 7781   Y Withinbacterialmat,~100m
NEofFlare5
1924012 7376   Y ~1meastofbacterialmat(out
ofthemat)
1924015 6771   Y Edgeofmatandclamstructure
R4

















192426 9296  Y Freshmudflowsatoutflowcenter,
closetoTstick
1924210 8286   Y Northofyoungestmudflow
hemipelagicdrape?Nearvicinityof
Flare3
1924211 98102   Y PairedwithPC15
1924212  9  7 7 Volatilecore.Somesamplestaken
formineralsaswell











1924217 103107   Y Outflowcentre,10mfromsummit,
closetoTstick,sedimentincore
compresses























192497 135139   Inproximityofbubblingsite,rhizon
core,pairedwithcore15.LOTSof
clamsthroughoutthecorelength.
192498  11  13 12 LOTSofclamsthroughoutthecore,
no“clean”sedimenttosample
























1925210 144148   Atwhitishmat,surfacewithwhite
“crystals”
1925214 149153   AtFlare5,northofMarker2
rhizoncore



































19255-7 180-183      Push core R5- no seep activity.  
Very hemipelagic looking, 
“background”? 
19255-8  4 2 7  6 PC19 for volatiles, paired 
 
 














19258-4 195-199      Push core R4. At bacterial mat on 
flank of Flare 3 
19258-9 200-204      Push core R7. On the “older” mud 
flow west of the most recent flow, 
some darker sediment apparent 
underneath hemipelagic cover 
19258-11 205-208      Push core R8. Second of three 
stations ~140 m from the summit.  





19258-12  10  11  10 Push core 3. Third of three stations 
~150 m from the summit. Core for 
volatiles, in close proximity to core 
R8. 
19258-14       Push core R9. Second of three 
stations ~110 m from the summit.  
Still brown cover on the flow. Very 
soft sediment 
19258-15  9  10  10 Push core 4. Third of three stations 
~110 m from the summit. Core for 
volatiles, in close proximity to core 
R9. 
19258-17 215-219      Push core R10. Second of three 
stations ~80 m from the summit.  
Still brown cover on the flow.  Very 
soft sediment 
19258-18  7  8  8 Push core 5. Third of three stations 
~80 m from the summit. Core for 

















19267-4 235-239      Push core R2. Area with clam 
shells, gas bubbles at the edge of a 
carbonate slab. Paired with core 4 
below 
19267-6  2  2   Area with clam shells, gas bubbles 
at the edge of a carbonate slab. 
Paired with rhizon core. Core came 
out of liner, so depths are highly 
unconstrained and there may be 
contamination 
19267-8 240-242      Push core R3. Near gas bubbles, T 
stick inserted in proximity resulted 
in lots of bubble release. Paired 
with core 9 below 
19267-9  5  6  6 Push core 5. Near gas bubbles, T 
stick inserted in proximity resulted 
in lots of bubble release. Paired 
with rhizon core above 
19267-10 243-246      Push core R5. Over brown looking 
sediment in close proximity (~1m) 

















19205-1    4   GC-1, Venere MV Flare 1 
19205-2    3   GC-2, Venere MV Flare 1 
19206-1    3   GC-3, Venere MV 
19227-1      12 GC-7, Cetus MV 
19229-2 1-10 3  5  5 GC-8. Basin SE Sicily 
19234-1    2   GC-10, Venere MV (East) 
19236-1 46-60 10 10 (but 2 
were lost 
10  10 GC-12 in a bag, Venere MV 






NOTE microbiology samples 
were mislabelled as 19235-1 but 
already in liquid nitrogen could 
not fix 
19236-2 61-66      GC in a bag, Venere MV Flare 
1. ANOXIC SEDIMENT 
SAMPLES at 15-20 and 62-68 
19237-1    1   GC-14, Venere MV (West) 
19238-1    2   GC-15, Venere MV (West) 
19243-2 130-134      DAPC-2 1at Flare 1. Some 
pressure and gas loss 
19244-1    1   GC-16 , Venere MV (East) 
19245-1 108-129 16 7 21  20 GC-17 in a bag, Venere MV 
summit. Bubbles observed upon 
recovery. VERY gassy core,  
19251-1 159-179      DAPC-3 core at Venere MV 
summit, ~20 L gas 
19257-1 184-194      DAPC-4 Venere MV Flare 1 
19260-1    3   GC-20, Venere MV Flare 2 
19263-1 220-234 9 5 13  13 GC-22 in a bag, Venere MV 
mud flows, ~80 m from summit. 
19264-1    2   GC-23, Venere MV (mud flow 
4) 
19268-1 262-277      DAPC-6, Venere MV mud 
flows ~80 m from summit.  
Gassy and perhaps gas hydrate? 
19269-1    3   GC-24, Venere MV (mud flow 
1) 
19270-1    3   GC-25, Venere MV (mud flow 
1) 
19275-1    1   GC-26, Venere MV (flank) 
19276-1 144-162 9 7 10  10 GC-27 in a bag, Venere MV 
mud flows, ~150 m from 
summit 
19278-1    3   GC-29, Venere MV (NW flow) 
19279-1    3   GC-30, Venere MV 
19280-1    3   GC-31, Venere MV 
19282-1    2   GC-32, Cetus MV 
19283-1 278-294 8  15  15 GC-33 in a bag, Cetus MV 
center. Core over penetrated 
19284-1    4   GC-34, Cetus MV, Core over 
penetrated 
19285-1    6   GC-35, Cetus MV, Core over 
penetrated 
19286-1    5   GC-36, Cetus MV 
19289-1    3   GC-37, Sartori MV 
















19208-1    2   MIC-1, Venere MV (Flare 1) 
19279-3 257-261 9 7 14  13 MIC-3. Background station in 









 Venere MV Summit - Salinity (PSU) 



















   
 Push core in the NE flank of the 
caldera, over bacterial mats 
Push core on older flow at the 
SW of most recent flow 
Push core due north of youngest 























































































Gravity and DAPC cores- Venere summit - Salinity (PSU)  
 Gravity core summit Venere MV GC- 80 m from summit on young 
flow  












































































Venere MV Flares 1 and 2 - Salinity (PSU)









   
 Push core bacterial mat Flare 1 
(ES2) 
Push core at edge bacterial mat 
Flare 1 (ES2) 
Push core outside bacterial mat 










 Push core on clam area near bubbles 
and carbonate crust, Flare 2 
Push core in the proximity of 
bubble site, Flare 2 
Push core in background-looking 



























































































 Venere MV Flares 4 and 5, and a reference core - Salinity (PSU) 
 Within bacterial mat, “high 
backscatter patch” 
Edge of bact. mat, mound area of 
Flare 4 









































































































Cetus and Nikolaus - Salinity (PSU)
 Gravity core Cetus Push core at the center of Cetus 
crater 


















































Venere MV Summit - Alkalinity (mmol/l)













Not enough pore water 
  


















Not enough pore water 
  
 Push core in the NE flank of the 
caldera, over bacterial mats 
Push core on older flow at the SW 
of most recent flow 
Push core due north of youngest 

































































Gravity and DAPC cores- Venere summit - Salinity (PSU)  
 Gravity core summit Venere MV GC- 80 m from summit on young 
flow  







































































Venere MV Flares 1 and 2 - Alkalinity (mmol/l)  










 Push core bacterial mat Flare 1 
(ES2) 
Push core at edge bacterial mat 
Flare 1 (ES2) 
Push core outside bacterial mat 










 Push core on clam area near bubbles 
and carbonate crust, Flare 2 
Push core in the proximity of 
bubble site, Flare 2 
Push core in background-looking 




























































































 Venere MV Flares 4 and 5 - Alkalinity (mmol/l) 
 Within bacterial mat, “high 
backscatter patch” 
Edge of bact. mat , mound area of 
Flare 4 






















   






































































Cetus and Nikolaus - Alkalinity (mM)
 Gravity core Cetus Push core at the center of Cetus 
crater 





















The major objective of the works on dissolved methane concentrations in pore waters was to
characterizegeochemicallythenature,strengthandhistoryofmethaneupwardmigrationassociated
tomudvolcanic activity at specificmudvolcano siteson theCalabrianarc.Because transport and








































at VenereMV contained clam shells in high density often throughout the entire core that made
sedimentsamplingwithsyringesforanalysisofvolatilesdifficult.











hints to mud flow(s) in the recent past that initiated overflow of older, comparably gaspoor
sedimentsbyyoungergasrichmuds.Diffusionand/oranaerobicoxidationofmethaneinuppermost












to lowmethaneconcentrations in thesediment (Fig.139).Highestconcentrations in thesediment
were found for a push core taken in the clam field close to a bubble emission site, while the
comparablyshortcorefromtheassuminglyinactivemoundclosetotheemissionssiteofFlare4did
notshowmethaneenrichments.Interestingly,forallthreecoresrelativemethaneenrichmentswere




The single gravity core recovered from the central part of the CetusMV showed enrichments in
dissolvedmethanewith ex situ concentrations exceeding 1.0mmol L1 in samples deeper than50
cmbsf (Fig.140).Thisobservation isconsistentwithsignificantporewater fresheningfoundat this
siteandcorroboratestheassumptionofupwardadvectionofdeepsourcedfluidsintherecentpast
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No headspace samples from 
DAPC cores 
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essential as well as the thermal conductivity of the respective material. During this cruise,
temperature gradient is measured using a temperature gradient lance (see Fig. 141). Thermal






For temperaturemeasurements, five ANTARES autonomous temperature loggers aremounted
onto the lance of a dedicated tool plus one additional for bottomwater reference. These loggers
have a resolution of approximately 0.001 K and an accuracy of approximately 0.1 K. They were
deployedwithCTD17(GeoB192651)duringthiscruisefor latercalibration.Thishashowevernot


















HFStation GeoB Instrument Location LatitudeN LongitudeE Depth[m]
12611 HF1470 192481 HF1 VenereMV 38º36.445' 17º11.229' 1498
12612 HF1471 192482 HF2 38º36.452' 17º11.221' 1500
12613 HF1472 192483 HF3 38º36.452' 17º11.223' 1499
12614 HF1473 192484 HF4 38º36.455' 17º11.226' 1495
12615 HF1474 192485 HF5 38º36.456' 17º11.227' 1496
12671 HF1475 192541 HF6 CetusMV 37º52.959' 17º28.450' 2258
12672 HF1476 192542 HF7 37º52.806' 17º28.513' 2254
12673 HF1477 192543 HF8 37º52.754' 17º28.631' 2250
12721 HF1478 192591 HF9 VenereMV 38º36.461' 17º11.255' 1494
12722 HF1479 192592 HF10 38º36.455' 17º11.285' 1499
12723 HF1480 192593 HF11 38º36.436' 17º11.323' 1505
12724 HF1481 192594 HF12 38º36.400' 17º11.372' 1515





























The following four measurements were conducted on the eastern mud flow of the western
summit,goingdownwards.MeasurementHF9showsaconcaveshape,withca.4ºC/monthefirst2
meters of depth and of ca. 1 ºC/m from 2 to 3m. The bottom sensormeasures a slightly colder
temperature than the preceding one. Measurements HF10 and HF12 show clearly linear
behaviours, with gradients of 1.269 and 0.235 ºC/m. Measurement HF11 has a very irregular
behaviour with a negative gradient, more difficult to interpret (see Fig. 143); the temperature
differencebetweenthebottomsensorandthetoponeisofapproximately0.05ºC,withavertical











































































Thedevice is operated by theROVandmeasures temperatures in the uppermost sedimentary
layer.Thelancewasbentseveraltimesduringdeploymentwhichmighthavedamagedthetopmost
sensor.Logger013115wasusedforalldeploymentsexceptone;the24hlongtermdeploymentwas



































































0.194 °C/m. One profilemeasured in ROVDive 341 has a very linear behaviorwith a gradient of
0.310°C/m,theotheroneaconcaveshapewithanaveragegradientof0.060°C/m.Exceptthefirst
















further measurements are in a range of 0.470.64 °C/m all profiles show a concave shape. One
deployment(ROV343(4))showedtemperaturesintheuppersedimentthatarebelowbottomwater










increase toward the center, values are 0.12 – 0.51 °C/m.One profile has a zigzag behaviorwhich

























Station GeoB Latitude Longitude Gradient Profile Remarks
  N E (°C/m)  
VenereMV(Flare1)
ROV337(1) 192022 38°37.084 17°11.593 0.010 zigzag 
ROV339(1) 192213 38°37.095 17°11.602 0.172  Inbubblestream,lancetilted
ROV339(2) 192215 38°37.094 17°11.600 0.194 
Inbacterialmatwithout
bubblestream
ROV341(1) 192303 38°37.095 17°11.609 0.310 linear 








ROV342(1) 192322 38°36.433 17°11.258 0.104 
Hardunderneath,onawhite
patch
ROV342(2) 192325 38°36.433 17°11.258 0.177 linear 
ROV344(1) 192424 38°36.453 17°11.223 14.697 linear
Incenterofmudoutflow,soft
sediments
ROV344(2) 192427 38°36.453 17°11.223 15.056 linear Incurveddepression
ROV344(3) 192428 38°36.456 17°11.220 5.003 linear 
ROV344(4) 1924213 38°36.454 17°11.225 14.362 linear Closetosummit
ROV344(5) 1924216 38°36.457 17°11.226 15.261 linear 
ROV349(1) 192582 38°36.428 17°11.287 0.130 linear
Atbacterialmatonflankof
Flare3
ROV349(2) 1925810 38°36.395 17°11.361 5.038 linear
Onoldestflow,lancesank
slightlyintosediment











ROV343(1) 192404 38°35.457 17°12.021 0.210  Closetobubblestream
ROV343(2) 192409 38°35.486 17°12.075 0.047 concave
Withinbacterialmatseep,
100mNEofFlare5
ROV343(3) 1924011 38°35.486 17°12.074 0.064 concave 1meastofbacterialmat





ROV345(1) 192493 38°35.454 17°12.020  
Longtermdeploymentontop
ofmoundatMarker2
ROV345(2) 192496 38°35.429 17°11.959 0.063 concave Atbubblingsite
ROV345(3) 1924910 38°35.428 17°11.958 0.061 concave
Background,5mawayfrom
Marker3




ROV347(1) 192532 37°53.117 17°27.744 0.035  Outsidecaldera
ROV347(2) 192533 37°53.073 17°27.745 0.007 zigzag Ontherim
ROV347(3) 192534 37°53.017 17°27.742 0.012  Atthedepression
ROV347(4) 192535 37°52.961 17°27.742 0.024  Onmudflow
ROV347(5) 192536 37°52.917 17°27.740 0.026  Onmudflow
ROV347(6) 192537 37°52.871 17°27.738 0.051  Inhighbackscatter
ROV347(7) 192538 37°52.832 17°27.737 0.212 linear Indirectiontowardscenter
ROV347(8) 1925310 37°52.809 17°27.736 0.363 linear Endstationincaldera
ROV347(9) 1925313 37°52.786 17°27.735 0.201 linear 
ROV347(10) 1925314 37°52.769 17°27.733 0.131 linear 
ROV347(11) 1925315 37°52.754 17°27.734 0.091 convex
SouthernmoststationofNS
profile
ROV347(12) 1925316 37°52.754 17°27.768 0.119 linear StartofWEprofile
NikolausMV
ROV348(1) 192552 37°48.996 17°58.232 0.002 zigzag Softsediments
ROV348(2) 192556 37°48.896 17°58.131 0.006 
Onamoundstructureinthe
centerofthedepression
















by Olu et al. (2004) and Duperron et al. (2013). Therefore, it is to be expected thatmost of the
species encountered at Venere Mud Volcano are already described. For that reason, we did not
undertakeanydedicatedsamplingprogram,andhaveashortlistofsamples(Table34).

Due tomethane seepage, thewidespreadoccurrence (Fig. 146)of filamentous sulfuroxidizing
bacteria (cf. Beggiatoa) at Venere Mud Volcano is most remarkable. The matforming microbes
indicateageochemicalhabitatcharacterizedbyhighsulfideflux(e.g.Sahlingetal.,2002).Thesulfide
flux iscausedbyahigh fluxof (dissolved)methane fuelinganaerobicoxidationofmethane (AOM)
causingsulfatetoreducetosulfide.Theprecipitationofsulfidemineralsresultsintheformationof
blacksediments.AttheseepsatVenereMudVolcanotheblacksedimentsformcircularpatchesof








seeps. The majority of shells were of the vesicomyid clam genus Isorropodon typically 12 cm in
length.SecondmostobviousweretheshellsofLucinomakazanithatarelessabundantcomparedto
Isorropodon but larger in size (up to 4 cm).Other shells of the generaMyrtea andThyasirawere









likely the resultof several factors.Forexample:carbonateprecipitationcausesclamshells to seek
outthemoreidealsoftsedimenthabitat.Inadditiontothis,adecreaseinsulfidefluxmaybecaused
by carbonate precipitation. Clams are killed by predators such as crabs and fish. Bioturbation can








sulfide flux systems through soft sediments. Methanederived carbonates may be inhabited by
Lamellibrachiaanaximandri(Vestimentifera)orbivalvesofthefamilyMytilidae.Vestimentiferansare
identifiablebyROV(Fig.151)andobservedatbothseepsitesnorthandsouthof theVenereMud
Volcanoarea.Bivalvesof the familyMytilidae (suchas Idasmodiolaeformis) tend to live inporous
authigenic carbonates, which was observed and collected with the suction sampler on the ROV.
Physiology of L. anaximandri and Idasm. is based onmutualisticmicromacrofaunal relationship.
AOMmicrobesprovide sulfide,necessary for themicrobial acitivityof theendosymbiontic sulfide
oxidizer,harbouredinthetissueofL.anaximandriandIdasm.

The enclosed space under the border of the carbonate slabs clearly represent the best
environmentforthedevelopmentofthe“bushlike”coloniestheL.anaximandri(asitwasobserved








































GeoB192052 MIC Bivalveshells,various Dry
GeoB192081 MIC Vesicomyidshells Dry
GeoB192081 MIC 3Polychaeta 100%Ethanol




























Stationnumber Tool Sample Preservation





























Anaerobic oxidation of methane (AOM) consumes about 90 % of methane produced in marine
sediments before it reaches the hydrosphere (Reeburgh, 2007). This microbial methane filter is
drivenbymethanotrophicarchaeaoftheANMEclades,whichoftenassociatewithsulfatereducing
proteobacteriaas consortia that couplemethaneoxidationwith sulfate reductionat the sulfate
methane transition zone (SMTZ) (Knittel&Boetius, 2009). ANMEandproteobacteria havebeen
identifiedasdominantclades inshallowsediments frommudvolcanoes in theMediterraneanand
Arctic (Pachidiaki et al., 2011; Niemann et al., 2006). However, aerobic methanotrophic bacteria
dominatewherehighmethaneflux limitssulfatediffusiontoshallowsediment layers (Lösekannet
al.,2007)orwhereampledissolvedoxygen isavailableasapreferredelectronacceptor.Assessing
the distribution of methaneoxidizing microbial communities and quantifying their dynamics and
activity rates in response to broad ranges of methane fluxes along mud volcano transects will
improvesubsurfacecarboncyclingmodelsandpredictionsofmethanereleaseintothehydrosphere.
In addition these microbiological investigations will shed light on the community development
following a methaneenriched mud flow event of Venere Mud Volcano, as well as providing
additional evidence for carbon cycling within the apparently dormant Cetus and Nikolaus Mud
Volcanoes.

Microbial community composition above, below, andwithin SMTZs ofmud volcano sediments
correspondingtovaryingmethanefluxeswillbeassessedthroughamplificationofthe16Sgeneand































especially those in the molecular biology field heading towards a better understanding of
dinoflagellateevolution.

Thecontinuous filteringallows theconcentrationof scarcedinoflagellates in thesurface,which
otherwisewouldbemissedbyconventionalnet towscollections.This cruiseprovidesanexcellent
opportunity to collect and preserve those rare Mediterranean dinoflagellates not only for




Sampleswere collectedby filtering seawater from the ship’s pump for periods of 10 to 12hours,








(UTC) Lat.(N) Long.(E) Comments
214 25.11.2014 08:00 37°04.06' 15°55.10' collectedinonefilter





215 25.11.2014 08:00 37°04.06' 15°55.10' collectedinonefilter
  19:00 37°28.57' 17°08.63'
   29
216 26.11.2014 08:00 38°37.03' 17°11.57' twofiltersinonevial
  20:20 38°36.44' 17°11.33'
  
217 27.11.2014  37°28.45' 15°09.55' twofiltersinonevial
   37°62.57' 16°51.2'8
  
218 28.11.2014 07:01 38°36.46' 17°11.20' twofiltersinonevial
  18:40 38°36.44' 17°11.31'
  
219 29.11.2014 09:00 38°37.08' 17°11.61' twofiltersinonevial
  21:13 38°41.66' 17°25.00'
  
220 30.11.2014 06:26 38°35.45' 17°12.03' twofiltersinonevial
  20:49 38°36.01' 17°12.56'
  
221 1.12.2014 06:30 38°35.45' 17°12.04' twofiltersinonevial
  20:30 38°15.68' 17°22.00'
  
222 2.12.2014 10:20 38°37.09' 17°11.61'
  20:30 38°36.51' 17°12.56'
  
223 3.12.2014 06:46 38°35.56' 17°11.44' twofiltersinonevial
  22:30 38°35.45' 17°11.94'
  
224 4.12.14 07:30 38°36.46' 17°11.24' Filterincoedlookedclogged
  20:10 38°35.45' 17°11.94' twofiltersinonevial
  
225 5.12.14 08:35 38°52.62' 17°28.90'
24hourcollection,twofiltersinone
vial
 6.12.14 08:10 37°49.44' 17°59.46'
  
226 6.12.14 09:10 38°48.72' 17°57.53'
  21:40 37°48.65' 17°58.89'
  
227 07.12.1 07:00 38°48.65' 17°58.89' fivedaysbeforeaddingEtOH








   (A.Raeke,C.Rohleder)
Onthe6thofNovemberat10:00R/VMETEORleft theharborofCataniatoexpeditionM112.The
major focus of the expedition was to investigate the distribution, amounts and dynamics of gas
hydratesassociatedwithsubmarinemudvolcanoesintheIonicSea.Atthebeginningofthejourney
thecruisingareawasinfluencedbyanextensiveBlackSeahighandalowtothesouthwestofSicily.













increased to 6 to 7 Bft and thewaves to 2.5m. Local showerswith lighteningwere experienced.
From the 12th the lowmoved to northern Italywith a furtherweakening.Within a low pressure






0.5m and a wind of 3 Bft. Themost sensitive devices could be used like the AUV including the
Dinghy.Duringthenight16th/17thatroughfroma lowoverGenoacrossedtheworkingarea.The
wind increased briefly to 5 to 6 Bft and lightning was observed. Later a high over the eastern
Mediterraneananda lowoverFrancecausedcalmconditions.Howeverweak troughscrossed the
area causing on the 19th a temporary increase of the sea to 1.5 m with winds up to 5 Bft. An











nextday. This alloweda short stopat theharborofCatania for the acquisitionof equipment and
luggage.Fromthe28ththeweatherdeterioratedwithsomeraindeveloping.Theseaincreasedto2




Midweek the low was close to Sardinia and weakened further until Friday. On the night of
01th/02thofDecemberanassociatedcoldfrontcrossedtheareawithshowersandwindupto6Bft.
A southwesterly airflowdevelopedwith thundery showersmoving through.On the5tha stronger
thunderstorm reached the R/V METEOR. Despite northwest winds up to 9 Bft a radiosonde was
launched.Thenext followingweekendbrought fineconditionswithplentyofsunshineandawind
about 3 Bft. On the 8th of December the low over Sardiniamoved to the southeast and later to
Greece.Anortherlyairflowdevelopeddirectingcoldairfromhigheraltitudeoverthewarmwaters.







During the entire expedition the temperature was hovering between 13 and 21°C. The lower
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